
INTERrNOUNTAIN GENERATING STATION

INT~RMOUNTAIN POWER PROJECT
INTERMOUNTAIN GENERATING STATION

AUXILIARY ELEU’rRIC SYS~M

~ NO. 15119.42.041,5,

INTERmOUNTAIN POWER PROJECT

BLACK & VEATCH/consulting engineers

IP12 005213



INTERMOUNTAIN POWER PROJECT
INTERMOUNTAIN GENERATING STATION

AUXILIARY ZI~I~IC SYSTEM

EXPANSION STUDY ~
FILE NO. 15119.42.0412

IP12 005214



FILE
EXPANSION STUDY No.    15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

I hereby certify that this report was prepared by me or under my
direct supervision and that I am a duly Registered Professional
Engineer under the laws of the State of Utah.

....

IP12 005215



EXPANS ION STUDY
FILE
NO. 15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

1.0

2.0

3.0

CONTENTS

INTRODUCTION

SUMMARY

2.1 SUMMARY OF IMPORTANT INFORMATION

2.2 CONCLUSION

STUDY

3.1 OBJECTIVES

3°2 CRITERIA

3.3 ANALYSIS

3.4 SAFE SHUTDOWN ANALYSIS CONSIDERATIONS

3.5 46 KV SUBSTATION MODIFICATIONS AND ESTIMATED
OVERALL COSTS

Page

i-I

2-1

2-1

2-3

3-1

3-1

3-1

3-2

3-30

3-31

AYPENDIX A SYSTEM ONE-LINE DIAGRAMS

AYPENDIX B EQUIPMENT IMPEDANCES

LIST OF TABLES

TABLE 3-1

TABLE 3-2

TABLE 3-3

TABLE 3-4

TABLE 3-5

SELECTED PLANTS THAT INCORPORATE FAST
TRANSFER SCHEMES

LIST OF BREAKERS TRIPPED

LOAD FLOW CALCULATIONS

FAULT CALCULATIONS

SWITCHGEAR IAI MOTOR AND LOAD DATA

TABLE 3-6     SWITCHGEAR IA2 MOTOR AND LOAD DATA

TABLE 3-7

TABLE 3-8

TABLE 3-9

TABLE 3-10

SWITCHGEAR IBI MOTOR AND LOAD DATA

SWITCHGEAR IB2 MOTOR AND LOAD DATA

I00 MVA TRANSFORMER CONFIGURATION

50 MVA TRANSFORMER CONFIGURATION

3-4

3-Ii

3-14

3-21

3-22

3-23

3-24

3-33

3-34

TC-1

IP12 005216



~ EXPANSION STUDY FILZ
.. NO.    15119.42.0412

,,, AUXILIARY ELECTRIC SYSTEM IPP 092789-0

CONTENTS (Continued)

LIST OF FIGURES

Page

FIGURE AUX ELECTRIC LOAD CURVE BASED ON
ISOCHRONOUS OPERATION TEST                                                            3-8

FIGURE 3.-2     BUS VOLTAGE PLOT APRIL 27 EVENT                                                3-25

TC-2

IP12 005217



EXPANSION STUDY FILE 15119.42.0412
NO.

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

INTERMOUNTAIN POWER PROJECT
INTERMOUNTAIN GENERATING STATION

EXPANSION STUDY
FILE 15119.42.0412

1.0 INTRODUCTION

The Intermountain Power Project is considering expanding each unit’s

auxiliary electric system from a generator breaker with two main auxiliary

transformers to a configuration which includes a reserve transformer source

for the purpose of supplying safe shutdown power after a unit trip which

includes loss of the main auxiliary source.

This study determines the reserve auxiliary transformer ratings and

load transfer methods necessary to achieve this result, and the changes

necessary to prevent a loss of the dc substation auxiliary electric system

due to voltage excursion at the 46 kV substation source bus.

i-i
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2.0 SUMMARY

2.1 SUMMARY OF IMPORTANT INFORMATION

A transfer of unit auxiliary load from the main auxiliary transformer

source to a new reserve auxiliary source is required to provide safe shut-

down of a unit if an electrical fault occurs in the protective relay zone

that includes the generator step-up transformer, main auxiliary trans-

former, and the 345 kV overhead conductors to the 345 kV substation. The

reserve source will be the 46 kV substation. The voltage transients which

occur during transfer must not adversely affect the dc substation auxil-

iary electric system. In addition, adherence to other operating and de-

sign criteria is required to ensure normal and safe system operation.

This study examined three methods of automatic transfer commonly

used in the power industry: fast transfer, in-phase transfer, and

residual bus voltage transfer. The fast transfer scheme was determined to

be the required method in order to transfer the load and maintain system

operation for a safe shutdown. The remaining methods will not meet the

criteria established for the study.

A single new three-winding reserve transformer rated 36/48/60

OA/FA/FOA for each generating unit was determined to be adequate to supply

the normal post-trip 6,900 volt bus load. Each secondary will be con-

nected to a small and large motor bus.

The new reserve transformer size and impedances were determined in

conjunction with the 46 kV substation source capacity by utilizing com-

mercially available personal computer based software for calculating power

flows and fault currents. Two methods were utilized to calculate voltage

drops during the transfer. One method approximated power flows and the

other method used expected bus residual voltages. Fault studies were made

for three-phase bolted faults and the results were compared to existing

equipment ratings.

Results of the calculations indicated that the impedance of the exist-

ing 46 kV substation transformers is too high to provide adequate voltage

2-I
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regulation during transfer of plant auxiliaries. Transformer capacity of

i00 MVA at 5.5 percent nominal impedance is required if both units trans-

fer simultaneously to this reserve source. Since the initial criteria

required only one 46 kV substation transformer to be in service during

load transfer, each transformer should be rated i00 MVA OA at 5.5 percent

nominal impedance. An alternative criteria in which both transformers are

in service and operated in parallel during the two-unit load transfer

would require each 46 kV substation transformer to be rated 50 MVA OA at

5.5 percent nominal impedance.

The studies also considered the addition of two future 8,000 hp

boiler feed pumps in each generating unit to replace the existing simple

7,000 hp boiler feed pump. This future contingency required a slight

increase in the reserve transformer impedance to limit bus fault currents.

Reserve transformer impedances of 8.0 percent nominal for the i00 MVA

46 kV transformer configuration and 7.6 percent nominal for the alternate

50 MVA 46 kV transformer configuration are required.

The induced draft fan variable frequency drive control system was

reviewed, and it appears that the successful transfer of the drive is pos-

sible; however, the manufacturer, Westinghouse Electric Corporation, has

recommended that transfer tests be made to ensure proper operation.

Motor starting capability of the new reserve source was also studied.

With the final expected post-trip load of 20 MW connected, an 8,000 hp

motor can be started utilizing the I00 MVA 345/46 kV transformer configura-

tion.

The effect of a fast transfer on the safe shutdown analysis was also

examined. No adverse effects are expected.

Due to the increase in fault MVA available at the 46 kV substation,

the existing breaker interrupting ratings will be exceeded. For the

i00 MVA 46 kV transformer configuration, the existing breakers must be

replaced with breakers having a 63 kA interrupting rating and for the

50 MVA 46 kV transformer configuration the existing breakers must be

2-2
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replaced with breakers having a 40 kA interrupting rating; however, it is

anticipated that the 46 kV bus will be rebuilt and the new design must

incorporate the expected new fault currents. The rebuilt 46 kV switchrack

will be a breaker and one-half arrangement. The existing 46 kV switchrack

is in a ring bus configuration. The new breakers and one-half arrangement

may offer some ~aintenance advantages as well as better operational flexi-

bility and reliability. The existing 46 kV breakers will need to be

changed out to a higher interrupting rating to accomodate the new

345/46 kV transformers; therefore, the reconfigured breaker and one-half

arrangement can be constructed before the existing bus is removed from

service. This construction can be accomplished with the 46 kV switchrack

out of service for a very short time.

Costs for the auxiliary electric system modifications expansion were

estimated for both the I00 HVA 46 kV configuration and the 50 MVA 46 kV

configuration. These estimates include the substation reconfiguration

costs. The costs were estimated at $10,206,216.00 and $8,391,261.00, re-

spectively.

2.2 CONCLUSION

The transfer of auxiliary electric system unit loads to a new reserve

transformer by the fast transfer method is an acceptable method of provid-

ing power to critical loads during a unit trip which involves the genera-

tor transformer Lockout Relay 86

The inrush currents will not be harmful to the motors and excessive

voltage drops at the substation dc auxiliary system bus will not occur

under normal bus loading conditions.

The existing 345/46 kV substation transformers will require replace-

ment by either two I00 MVA transformers or two 50 MVA transformers. The

criteria for two I00 MVA 46 kV transformers versus two 50 HVA 46 kV trans-

formers are influenced by the probability of one transformer being out of

service due to forced or scheduled outages at the same time as a two-unit

simultaneous transfer due to a trip initiation within each unit’s genera-

tor and main auxiliary transformer protective zone.

2-3
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Using industry average data for auxiliary transformers for large fos-

sil fired units shows an average unavailability of such transformers of

12.4 hours per year (one failure every 6.7 years with an average downtime

of 83 hours). The probability of either transformer being out of service

is about 0.003.

The probability of simultaneous unit trips is not determinable be-

cause all known causes for common mode failures resulting from causes with-

in each unit’s transformer protection zone have been considered in the

design. The expected occurrence rate of any such common mode failure

should be multiplied by 0.003 (the probability of one of two transformers

being out of service). Thus~ if the expected occurrence rate for simul-

taneous trips is estimated at I in I0 years, the probability of two trans-

formers being required is 0.003 * I/I0 years = 3 per I0,000 years.

The transfer of each bus should be by the fast transfer method and

should be supervised by individual bus high-speed synch-check relays.

Prior to revising the auxiliary electric system configuration, bus trans-

fer tests should be performed with Westinghouse participation to determine

that proper induced draft fan variable frequency drive operation will

occur during a transfer.

2-4

IP12 005222



EXPANSION STUDY F~LE
NO. 15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

3.0 STUDY

3.1 OBJECTIVES

The objective of this study is to determine a unit reserve auxiliary

transformer rating and impedance parameters necessary to achieve a safe

shutdown without disturbing the dc substation operation when transferring

loads from the unit main auxiliary transformers during a unit trip. The

reserve transformer source will be the 46 kV substation. If necessary,

the 46 kV substation transformer ratings will be revised as required.

The study will also review the types of load transfer and consider

the operation of the variable frequency induced draft (ID) fans, the

reserve system motor starting capabilities, and the relation to the safe

shutdown analysis.

3.2 CRITERIA

Criteria for this study include the following.

The new reserve auxiliary transformer arrangement is to be

provided only for the purpose of safe shutdown of a generating

unit in the event of a unit trip which involves a fault in a

generator transformer, or a main auxiliary transformer which

would otherwise result in a black trip of the generating unit.

Routine shutdown and startup of the generating units will

normally be done using the generator transformer and main

auxiliary transformers.

The power source for the reserve transformer is the 46 kV sub-

station presently supplied by two bank transformers, designated

K and L.

As an initial criteria, only one 46 kV transformer is to be con-

sidered in service. In that the transfer of loads typically

affects only a single unit, an alternate criteria of having both

46 kV transformers in service when a two-unit transfer occurs

will be considered.

Both generating units’ auxiliary loads will transfer to the

reserve sources simultaneously.

3-1
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The post trip continuous load must be supplied without exceeding

transformer capacity ratings.

Operating voltage range of the 6.9 kV and 46 kV buses should be

greater than 0.95 per unit when supplying post trip loads and

less than 1.05 per unit at no load.

Voltage at the 46 kV substation should not dip below 0.85 per

unit (0.9 preferred) during transfer inrushes.

Voltage at the 6.9 kV buses should not dip below 0.7 per unit

during the bus disconnect time or during the transfer inrush.

This is to ensure against control relay dropout, starter con-

tactor dropout, or other control device misoperation.

Existing equipment nameplate or latest shop drawing data will be

utilized as necessary in the studies.

Future transformer impedance data will consider manufacturing

tolerances of ±7.5 percent of nominal design impedance, and the

X/R ratio will be 40.

The startup boiler feed pump may be revised from one 7~000-

horsepower (hp) motor to two 8~000-hp motors. The fault and

transfer surge studies will include this potential change.

Switchgear fault interrupting ratings shall not be exceeded dur-

ing the transfer. All loads shall be considered connected dur-

ing the transfer.

The draft fan drives shall remain in normal operation after trans-

fer.

3.3 ANALYSIS

3.3.1 Auxiliary Electric System Design and Bus Transfer Methods

Large unit-connected generating systems utilizing reserve auxiliary

transformers as startup and backup power source are generally designed so

that the maximum unit auxiliary load can be supported by the reserve aux-

iliary transformer at its maximum rating. The criteria for selecting

3-2
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transformer impedance include auxiliary bus normal operating voltages,

voltages during motor starting, and fault currents. Generally, normal

operating bus voltages should not exceed 110 percent of motor rated volt-

age and should not be less than 95 percent of bus nominal voltage. When

starting the largest motor of a bus with all other loads running, voltage

at the motor should not decay to a value less than the motor starting de-

sign voltage. The bus fault currents must not exceed the switchgear

ratings when the reserve auxiliary transformer fault source is a maximum

and all loads are connected.

To meet the criteria, the final design usually utilizes two 3-winding

reserve auxiliary transformers and four main buses, each connected to one

secondary winding and rated for 500 MVA fault, duty. The reserve auxiliary

transformer source is usually high fault capacity and through fault con-

tribution to each switchgear bus is limited to less than 300 MVA. This

design basis combined with the fact that the motor loads include high

inertia drives and time delay constants that support bus voltage during a

source disconnect, and the use of fast closing stored energy breakers have

led to use of fast bus transfer of loads from the main auxiliary trans-

formers to the reserve auxiliary transformers during unit trips. Table 3-1

indicates some of the plants that incorporate fast transfer schemes, in-

cluding the Northern States Power SHERCO 3 plant which has variable fre-

quency ID fan drives. All fast transfers at SHERCO 3 have been successful

and there has been no loss of the ID fan drives due to the fast transfer.

There are three types of automatic load transfers in general use:

fast transfer, in-phase transfer, and residual bus voltage transfer. For

the fast transfer, the main auxiliary transformer bus breaker is co,~nanded

open with a simultaneous close co,~nand to the reserve auxiliary trans-

former breaker. The main breaker will open prior to the reserve breaker

closing and, during this disconnect period (three to four cycles), the bus

voltage will decay and its phase angle relation to the source voltage will

increase as the motor speeds decrease. When the reserve breaker closes,

the phasor difference in bus voltage and source voltage will appear as a

3-3
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TABLE 3-1.     SELECTED PLANTS THAT INCORPORATE FAST TRANSFER SCHEMES

Auxi i i ary
Electric Variable

Transfer System Speed
Plant Scheme Size Drives

MVA

OUC Fast 30 N

PSO-NE3 Fas t* 35 N

I IGE-Loui sa Fast** 40 N

Coal Creek Fast 40 N

SHERCO 3 Fast 40 Y (IDF)

Sherco 1 and 2 Fast 46 N

Jeffrey Fast 50 N

Initiation
From

86G

86G

86G

86G, 286G

86G, 286G
W/25B, Fast
Synch Check***

86G

86G

*If fast transfer is not successful, slow transfer is attempted.
Fast is supervised by a synchro-verifier. Reserve source is separate from
generator substation and can be out-of-phase. If fast transfer is missed,
fans are tripped and a voltage controlled transfer to keep circulating
water pumps on is made.

**Same as PSO-NE, but a fast/slow selector-switch is provided to
lock out fast transfer scheme. Supervised by GE solid-state high-speed
synch check; if transfer is missed, then a voltage controlled transfer is
initiated.

***Synch check was GE SLJ, Model 12SLJ21AIA, under volts 96.

3-4
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transient voltage across the system impedances causing high inrush cur-

rents. These currents may exceed normal motor starting values and over-

stress the motors. In order for the fast transfer to be successful, the

differential or resultant voltage should be kept below 1.33 per unit volts

per Hz. Fast transfers generally result in less than 1.0 per unit volts

per Hz and surge currents from two to four times motor full load amperes.

Normal motor starting currents are approximately 4 to 6 times the motor

full load amperes. Due to the high MVA source capability and relatively

low transformer impedance compared to the total system impedance, the

auxiliary bus voltage dip is not excessive, and the fast transfer is

accomplished without loss of auxiliaries or motor excessive torques.

For the in-phase transfer, the bus residual voltage is monitored

after the main breaker opens. The reserve breaker is then closed when the

phase angle of the bus voltage is in phase with the reserve source. This

method requires a hlgh-speed synchro-closing device which also anticipates

breaker closing time, and must wait until the bus voltage angle has

increased due to the motor speed decay to a point nearly in phase with the

source voltage. The time duration will be generally greater than 30 cycles

and voltage will be less than 60 percent. The inrush currents will tend

to be less than a fast transfer, but will last longer due to reacceleration

of the motor load from a lower speed. A potential problem with in-phase

transfer is the low voltage level reached and possible loss of control

devices, motor stalling, or loss of motor synchronization to the system.

For this method to be successful, the bus residual voltage must remain at

high levels necessary to maintain motor synchronization and control device

operation.

For the residual bus voltage transfer, the bus voltage magnitude is

monitored and, when it reaches 25 percent, the reserve breaker is closed.

With this transfer, the motors will be protected against excessive cur-

rents and torques, but the system must reaccelerate the motors from a

relatively low speed. This procedure is similar to starting all motors at

once. Inrush currents in the reserve auxiliary transformer will be very

3-5
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large with resulting high voltage drop. The system voltage will then be

quite low for a long period of time and may cause excessively long accel-

eration periods and subsequent motor overheating. In addition, some con-

trol devices will drop out due to the low voltage. For this transfer to

be successful, voltage controlled load shedding must precede the reserve

breaker closing.

A manual transfer scheme is used for normal load transfers. The

reserve breaker is manually closed and then the main breaker is manually

opened. The closing is supervised by a synch-check relay. A warning

alarm sounds during the time both breakers are closed to alert the opera-

tor to open the main or reserve breake£. The alarm is necessary because

the bus fault MVA will be significantly exceeded by the combination of the

two power sources. In addition, high circulating currents will occur

between the parallel windings of the two transformers.

The residual voltage and in-phase transfer methods will not meet the

criteria for this study because, in each case, the voltage will decay to

such low values that the draft fans cannot continue to operate and provide

a gas path in the steam generators. This conclusion is evident by inspec-

tion of the bus residual voltage fault recorder graphs after the main

breakers were tripped by an 86GT. In the case of the large motor buses

the voltage reaches approximately 20 percent prior to an in-phase con-

dition. Thus, the transfer will be a voltage controlled transfer, which

requires load shedding, and therefore, little certainty of maintaining

plant auxiliary operation.

Since the in-phase and low residual voltage transfers cannot meet the

study criteria, the fast transfer method is recommended. The reserve

transformer system should be designed to be similar to a normal configura-

tion, as discussed above, in order to ensure successful fast transfers and

normal operations. This consideration would include a system with two

3-winding reserve transformers per unit connected to a high capacity

source; however, the study criteria requires only the successful transfer

of normal running loads and not the capacity to supply the total maximum

3-6
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plant load. Therefore, a reduced capacity system is considered to

decrease costs. A single 2-winding transformer was considered, but the

combined motor contribution to a fault would then require an excessively

high transformer impedance. For this reason, a single 3-winding reserve

transformer is selected as the minimum reserve source configuration.

Studies are then made to determine its impedance in conjunction with the

46 kV source capacity.

3.3.2 Reserve Auxiliary Transformer Loading

The auxiliary electric nontransient load prior to and after a unit

trip is plotted on Figure 3-1. The data were derived from the isochronous

operation tests performed on April 9, 1987. The load is approximately

40 MW during normal operation; after the unit trip, the load cycles from

35 MW to 22 MW before stabilizing at 22 MW. The cyclic nature of the load

is due to the ID fans responding to the unit trip and is shown by the fan

speed plotted on the same figure. Since the 40 MW load is approximately

half the original estimated unit auxiliary load, the reserve auxiliary

transformer primary winding capacity rating was selected to be the same as

half the total main auxiliary transformer capacity or 36/48/60 OA/FA/FOA

MVA. Throughout this study, all transformer impedances are based upon the

18 MVA OA rating of one of the two equal capacity secondary windings.

The ac transient loads occurring during a fast transfer were esti-

mated in two ways.

The first iteration of load flow calculations was made utilizing two

and four times running MVA for approximation of the transient loading.

Subsequently, a more detailed calculation was made to verify the selected

transformer impedances by estimating the auxiliary bus residual voltages,

modeling the motors and SUS loads as a lumped impedance, and using the

load flow program to calculate system resultant voltages and power flows.

The motors that remain on the bus after a trip were determined by review

of the 86G and 86GT trip outputs. Table 3-2 is a l~st of breakers tripped.

3-7
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TABLE 3-2. LIST OF BREAKERS TRIPPED

Eguipment Name

Closed Cycle Cooling Water Pump

Air Compressor

Pulverizer

Circulating Water Pump

Condensate Pump

Primary Air Fan

Forced Draft Fan

Induced Draft Fan

Standby Boiler Feed Pump

Conveyor 18A (18B Unit 2)

Fly Ash Compressor

Turbine Lube Oil Flush Pump

Booster Boiler Feed Pump

Scrubber High-Pressure Spray Pump

Scrubber Low-Pressure Spray Pump

Limestone Pulverizer

Coal Handling Bus

345 kV Generator Breaker
26 kV Generator Breaker

86G

Switchgear Main Breakers

Horsepower

500

700

800

2 000

I 750

2 100/4,000

2 750/6,500

7 500

7 000

4OO

7OO

4OO
6O0

5OO

500

6OO

Tripped By Undervoltage
86G 86GT Trip

N Y*

N Y*

¥** y*

N Y (8 SEC TD}

N N

Y** N

N*** N

N Y (Internal to IDF)

N N

N N

N N

N N

N N

N Y* (Bus Feeder Breaker
is Tripped.)

N Y* (Bus Feeder Breaker
is Tripped.)

N Y* (Bus Feeder Breaker
is Tripped.)

N Y* (Bus Feeder Breaker
is Tripped.)

Y

Y

Y

Y

*Trip OCCURS when both Bus iAl and 1Bl undervoltage relays (27A and 27B) are dropped out

and both Bus IAI and iBl main breakers are open. Bus undervoltage relays drop out after

28 cycles at 55 volts or less.

**Via unit trip relay.

***Via unit trip relay plus furnace pressure high.
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3.3.3 Load Flow and Fault Calculations

The Electrocon International, Inc.~ Power Flow Program, Version 3.02,

for personal computers was used to make calculations for the estimation of

system voltages during normal power flow conditions, during the fast

transfer of loads, and during motor starting. The calculated cases are

listed in Table 3-3.

The program was used to calculate voltages during the fast transfer

in two ways as described in Subsection 3.3.2. This subsection discusses

the MVA approximation cases and Subsection 3.3.5 will discuss the bus

residual voltage calculations. The motor starting calculations are dis-

cussed in Subsection 3.3.6.

The Electrocon International, Inc., Short-Circuit Program, Ver-

sion 3.10~ for personal computers was used to calculate fault currents for

various transformer impedances selected to ensure that fault capacity of

the 6.9 kV switchgear was not exceeded. The calculated cases are listed

in Table 3-4.

The results of selected cases are shown on the system one-line dia-

gram figures in Appendix A.

Equipment impedances used in the load flow and fault studies are

listed in Appendix B.

Initial load flow calculations were made based upon utilizing the

existing 46 kV transformers as the source to the new reserve auxiliary

transformers. Figure A-I shows the voltages for a single unit’s load of

20 and 40 MW when both 46 kV transformers are in service~ while Figure

shows the voltages for a two-unit load when each is loaded at 20 and 40 MW.

When larger megawatt loads (60 and 80 MW) were used to approximate trans-

fer surges, the program would not converge on a solution due to excessive

system voltage drops. At this point, the system was considered unsuitable

for supporting adequate bus voltage at the 46 kV bus during a transfer or

a potential 40 MW post trip load.

In Figure A-2, the 46 kV bus voltage at 40 MW load per unit is below

0.90 per unit and does not meet the criteria for a 0.95 per unit voltage.

3-10
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TABLE 3-3. LOAD FLOW CALCULATIONS

Source
Case MVA

IGSPF5B Infinite

IGSPFgA Infinite

IGSPFTA Infinite

IGSPF9E Infinite

IGSPFSD Infinite

IGSPF9F Infinite

IGSPF19E 6,000

IGSPFIgF 12,000
IGSPFIgI 6,000

IGSPFIgJ 12,000

IGSPFIIA Infinite

IGSPFIIB Infinite

IGSPFIIC Infinite

IGSPFI~D Infinite

IGSPFS~ Infinite

IGSPF8E Infinite

IGSPFSL Infinite

IGSPFSM Infinite

IGSPF8N Infinite

IGSPFSR2 Infinite

IGSPFSL2 Infinite

IGSPF8M2 Infinite

IGSPF8N2 Infinite

IGSPFIOA Infinite

IGSPFI3A Infinite

IGSPFI3B Infinite

IGSPFI3C Infinite

IGSPFI3D Infinite

IGSPFI2A Infinite

46 kV 46 kV Substation
Transformer Transformer and Yard
~A_~_A~NoM Connection Load MW
30/10.5/11.0 0 0
30/10.8 2 0
30/10.8 2 0
30/10.8 2 0
30/10.8 2 0
30/10.8 2 0
30/10.8 2 16
30/10.8 2 16
30/10.8 2 16
30/10.8 2 16
30/10.8 3 0
30/10.8 3 0
30/10.8 3 0
30/10.8 3 0
40/6.0 2 0
40/6.0 2 0

40/6.0 2 0
40/6.0 2 0
40/6.0 2 0
40/6.0 2 0
40/6.0 2 0
40/6.0 2 0

40/6.0 2 0

None --
50/5.5 2

50/5.5 2
50/5.5 2

50/5.5 2
50/5.5 2

Unit Load, MW
Reserve or Fast
Transformer Transfer or Units
~A_~_A~NoM__._ Motor Start Connection
18/6.8 81 1
18/6.8 20 1
18/6.8 20 2
18/6.8 40

18/6.8 40 2
18/6.8 0 2
18/6.8 FT 2
18/6.8 FT 2
18/6.8 FT 1
18/6.8 FT 1
18/6.4 0 2
18/6.4 20 2
18/6.4 40 2
18/6.4 60 2
18/6.8 0 1
18/6.8 20 1
18/6.8 40 1
18/6.8 60 1
18/6.8 80 1
18/6.8 20 2
18/6.8 40 2
18/6.8 60 2
18/6.8 80 2

0 18/8.2 40 2
11 18/7.1 20 2
11 18/7.1 40 2
11 18/7.1 60 2
11 18/7.1 8o 2
11 18/7.1 80 1

Co~ents

Base Case

Figure A-I

Figure A-2

Figure

Figure A-2

Figure A-2

Figure A-3

Figure A-3

Figure A-3

Figure A-3

Figure A-4

Figure A-4

Figure A-4

Figure A-4 Did
Not Converge

Figure A-5

Figure A-5

Figure A-5

Figure A-5

Z ~



TABLE 3-3 (Continued). LOAD FLOW CALCULATIONS

46 kV 46 kV Substation Reserve
Source Transformer Transformer and Yard Transformer

Case MVA ~A_~_A~No~ Connection Load MW MVA_~NOM___"
IGSPFI4A Infinite 50/5.5 1 16 18/7.1
IGSPFI4B Infinite 50/5.5 1 16 18/7.1
IGSPF14C Infinite 50/5.5 1 16 18/7.1

Unit Load, MW
or Faat
Transfer or
Motor Start

20
40
60

IGSPF19G 6,000 50/5o5 2 16 18/7.1 FT 2

IGSPF19M 12,000 50/5.5 2 16 18/7.1 FT 2

IGSPFI9K 6,000 50/5.5 2 16 18/7.1 FT 1
IGSPF19L 12,000 50/5.5 2 16 18/7.1 FT 1

IGSPFI9M 6,000 50/5.5 1 16 18/7.1 FT 1

IGSPFI9N 12,000 50/5.5 1 16 18/7ol FT 1

IGSPFI90 6,000 50/5o5 1 16 18/7.1 FT 2
IGSPF21A 6,000 50/5.5 1 16 18/7.1 MS/8,000 HP 2
IGSPF21B 12,000 50/5.5 1 16 18/7.1 MS/8,000 HP 2

IGSPF21C 6,000 50/5.5 2 16 18/7.1 MS/8,000 HI¯ 2
IGSPF21D 12,000 50/5.5 2 16 18/7.1 MS/8,000 H~ 2
IGSPF22A 6,000 50/5.5 1 16 18/7.1 MS/6,500 HP 2
IGSPF22B 12,000 50/5.5 1 16 18/7.1 MS/6,500 HP 2
IGSPF22C 6,000 50/5.5 2 16 18/7.1 MS/6,500 H1~ 2

IGSPF22D 12,000 50/5.5 2 16 18/7.1 MS/6.500 HP 2
IGSPF23A 6,000 50/5.5 1 16 18/7.1 20 2

IGSP¥23B 12,000 50/5.5 1 16 18/7.1 20 2

IGSPF23C 6,000 50/5.5 2 16 18/7.1 20 2
IGSPF23D 12,000 50/5.5 2 16 18/7.1 20 2
IGSPFILA Infinite 100/5o5 1 16 18/7.6 20 2

IGSPF15B Infinite 100/5.5 1 16 18/7.6 40 2

IGSPFILC Infinite 100/5.5 1 16 18/7.6 60 2

IGSPF15D Infinite 100/5.5 1 16 18/7.6 80 2

16 18/7.6 20 2
16 18/7.6 40 2

IGSPF16A Infinite 100/5.5 2

IGSPFI6B Infinite 100/5.5 2

Units
Connection
2

2
2

Comments
F~gure A-6

Figure A-6
Figure A-6 Did
Not Converge

Figure A-7
Figure A-7

Figure A-7

Figure A-7 Did
Not Converge
Figure A-8
Figure A-8
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TABLE 3-3 {Continued). LOAD FLOW CALCULATIONS

46 kV       46 kV
Source Transformer Transformer

Case MVA
_.~A--~--~NOM-----

Connection

IGSPF16C Infinite 100/5o5 2

IGSPF16D Infinite 100/5.5 2

IGSPF19C 6,000 100/5.5 1

1ISPF19D 12,000 100/5.5 1

IGSPF15E 6,000 100/5.5 1

IGSPF15F 12,000 100/5.5 1

IGSPFISG 6,000 100/5.5 1

IGSPFI5H 12,000 100/5.5 1

IGSPF20A 6,000 100/5.5 1

IGSPF20B 12,000 100/5o5 1

IGSPF19Q 6,000 50/5.5 1

IGSPF14A2 Infinite 50/5.5

IGSPF14B2 Infinite 50/5.5

IGSPF19P 6,000 100/5.5

IGSPF15~3 Infinite 100/5.5

IGSPF15B2 Infinite 100/5°5

IGSPF21G    6,000 50/5.5

IGSPF21H 12,000 50/5.5

1
1
1

1
1
1

1

Substation
and Yard
Load MW

16

16

16

16

16

16

16
16

16

16
16
16
16

Reserve
Transformer

18/7.6

18/7.6

18/7.6

18/7.6

18/7.6

18/7.6

18/7.6

18/7.6
18/7.6
18/7.6

18/7.6

18/7.6
18/7.6
18/8.0

ze/e.o
18/8.o
18/7.6
18/7.6

Unit Load, MW
or Fast
Transfer or Units
Motor Start Connection
60 2
80 2
FT 2
FT 2
MS/8,000 HP 2
MS/8,000 HP 2
MS/6,500 H~ 2
MS/6,500 HP 2
20 2
20 2
FT 2

2O
4O
FT

20

40
MS/2,000 HP
MS/2,000 HP

2
2
2

2
2
2

2

Comments
Figure A-8

Figure A-8
Figure A-11
Figure A-11

Figure A-13
Figure A-13
Figure A-14

Figure A-14
Figure A-12
Figure A-12

Figure A-19
Includes STUBFP
Figure A-17
Figure A-17
Figure A-20
Includes STUBFP
Figure A-18
Figure A-18
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TABLE 3-4.

Case

IPPIGS8

IPPIGS7

IPPIGS6

IPPIGS9

IPPIGS10

IPPIGS5

IPPIGSI5

IPPIGSI4

IPPIGSI3

IPPIGSI7
IPPIGSI8

IPPIGSI9

IPPIGS20

IPPIGS21

FAULT CALCULATIONS

Source

27,209

27,209

27~209

27~209

27209

27,209

27,209

27,209

27209

27209
27209

27,209
27,209

27,209

46 kV
Transformer

30/10.8

30/10.8

40/6.0

30/10.8

50/5.5
100/5.5
100/5.5
100/5.5
50/5.5
100/5.5

5o/s.s

46 kV
Transformer
Connection

2

2
2

0
3
2
2
2
2
2

2

Reserve
Transformer

18/6.8
18/6.8
le/6.e
18/8
18/6.4
18/7.1
18/7.6
18/7.6
18/7.6
~0/7.1
18/8.0

18/7.6

Units
~onnectlon

2
2
2
2
2
2
2
2
2
2
2

Coe~ents
Base Data

Unit 1 and 2, Main Auxiliary
Transformers In Service

Simplified Model

345 kV Reserve Transformer

Figure 9

Figure 10
All SUSs Updated to Nameplate
Future 8,000-hp SBFPs Added

Future 8,000-hp SBFPs Added
Future 8,000-hp SBFPs Added
Figure 15
Future 8,000-hp SBFPs Added
Figure 16

Z m
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In addition, the criteria require only one 46 kV transformer in service

and the transformer taps were set low to offset the expected large voltage

drops which then gives an excessive no load voltage of 1.09 P.U. at the

6.9 kV buses.

These results indicate that a larger capacity (larger fault M~A

available) 46 kV bus is required to support the 46 kV bus voltage during a

two-unit load transfer and post trip loading of up to 40 MVA.

The next calculation was made utilizing a third 30 MVA transformer in

parallel with the existing units in order to increase the bus capacity.

This transformer would require 10.8 percent impedance to operate in

parallel with the existing transformers without excessive circulating cur-

rents. However, initial calculations indicated that the source capacity

was still too low and the potential problems of operating three trans-

formers in parallel eliminated this conf~guratlon.

Because the use of the existing transformers is not practical, the

46 kV source capacity should be increased by providing two new identical

transformers of larger MVA capacity and lower impedance. A configuration

of two 40 MVA transformers at 6.0 percent nominal impedance was studied.

Figure A-3 shows the results of two 40 MVA transformers connected to one

unit at various loads, while Figure A-4 shows the results when two units

are connected. The results are improved, but still not acceptable even

with both 46 kV transformers connected. In addition, the 46 kV tap is

still set too low to give acceptable no load voltage at the 6.9 kV buses.

The 46 kV transformer capacity was increased to 50 MVA and the imped-

ance was reduced to a 5.5 nominal percent, which is a minimum practical

value, to further increase the 46 kV bus capacity. This configuration

exceeds the fault capacity of the existing substation equipment. This

capacity increase required that the reserve auxiliary transformer imped-

ance be increased from 6.8 percent to 7.1 percent nominal to limit total

fault current at the 6.9 kV buses. The 46 kV transformer taps were also

revised so that no load voltages at the 6.9 kV buses would be acceptable.

Figure A-5 shows the results for the two 50 MVA transformers con-

nected to two units at 20, 40, 60, and 80 MW loads, while serving a 46 kV

3-15
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bus load of Ii MW for the coal unloading thaw shed and miscellaneous yard

loads. For this calculation, the two transformers were modeled as one

I00 MVA transformer.

Figure A-6 shows the results for one 50 MVA transformer connected to

two units at 20 and 40 MW loads. The 46 kV bus load was revised from

ii MW to 16 MW to include the converter stations and substation relay

house bus loads.

These results indicate that i00 MVA of capacity will meet the cri-

teria for supporting post trip loads and would support the estimated 80 MW

surge during the fast transfer. Although the 6.9 kV buses reach 0.65 per

unit voltage minimum, the actual bus voltage is not expected to drop below

0.7 per unit as discussed later. This low voltage is a result of the use

of an 80 MW load model to estimate the surge voltages.

When only one 46 kV 50 MVA transformer is placed in service, the

system will not support the expected surge load, and will not support

voltages during 40 MW post trip loading.

Because a i00 MVA transformer capacity will meet-iVe criteria, the

next configuration utilizes two i00 MVA transformers at 5.5 percent

nominal impedance. Figure A-7 shows the results for one i00 MVA 46 kV

transformer connected to two units at 20, 40, and 60 MW loadings. At

80 MW load, the program would not converge due to the increase in the

reserve auxiliary transformer impedance from 7.1 to 7.6 percent nominal.

However, the voltage at the 46 kV bus is expected to be the same as

calculated on Figure A-5. The increase in the reserve transformer

impedance was required to limit fault currents at the 6.9 kV buses. The

6.9 kV bus voltages are slightly lower than those on Figure A-5 but are

adequate.

Figure A-7 shows the results for the case when the two i00 MVA trans-

formers are paralleled and indicates that all voltage criteria are met.

The fast transfer method of calculation, discussed later, also indi-

cates good results for this configuration as shown on Figure A-II.

This configuration will meet the criteria; therefore, a modified load

flow was run to check voltages during a two-unit post trip condition after

3-16
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the load has stabilized. The loading is approximately 20 MW per unit and

the source MVA is at minimum and probable values of 6,000 MVA and

12~000 MVA, respectively. The results are shown on Figure A-12 and indi-

cate all voltages near nominal when a single i00 MVA transformer is con-

nected to both units.

Due to the possible addition of two new 8~000-hp startup boiler feed

pumps, fault calculations required that the reserve transformer nominal

impedance be raised from 7.6 percent to 8.0 percent if i00 MVA 46 kV trans-

formers are used. This increase in impedance will not affect voltages at

the 46 kV bus appreciably but will change the 6.9 kV bus voltage during

normal loading. Figure A-18 shows the results of 20 and 40 MW loadings

with this increased impedance. When compared to Figure A-7, the results

show the 6.9 kV bus voltages are essentially unchanged.

Because the i00 MVA transformer at 5.5 percent nominal impedance will

meet the study criteria for voltage drops during expected transients and

post trip loading~ the case of two 50 MVA transformers at 5.5 percent

nominal impedance is an alternative configuration for the criteria of only

one unit tripping when only one 50 MVA transformer is in service. If the

two parallel 50 MVA transformers configuration is utilized, the reserve

auxiliary transformer impedance must be increased from previous study

values of 7.1 percent to 7.6 percent to account for the possible startup

boiler feed pump revision.

The voltages for this case at 20 and 40 MW loadings with one 50 MVA

transformer in service are shown on Figure A-17. At 20 MW loading, the

criteria for voltages are met and the 46 kV transformer capacity would not

be exceeded. If loading is increased to 40 MW per unit, then voltage cri-

teria are not met and thermal capacity of the transformer is exceeded. As

discussed later, a fast transfer calculation for this configuration was

also made and the voltages did not meet the criteria.

In conjunction with the load flow calculations, fault calculations

are required to determine fault currents at the 46 kV and 6.9 kV buses to

ensure that equipment ratings are not exceeded and, if they are exceeded,

corrective action recommended.

3-17
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Based upon the existing 6.9 kV bus equipment ratings, X/R ratios

calculated in accordance with ANSI C37.010, and X/R multiplying factors

derived from ANSI, the maximum allowable interrupting current is

33,081 amperes RMS. The close and latch rating of 70,000 amperes also

must not be exceeded. Initial calculations show that in order to not

exceed 70,000 amperes, the motor contribution to the 6.9 kV faulted bus

must not exceed approximately 16,500 amperes when calculated for inter-

rupting rating. It was not expected that 16,500 amperes motor con-

tribution would be exceeded and, therefore, total fault currents at

33,081 amperes would be considered acceptable.

The 46 kV bus fault currents are also calculated and are expected

to exceed the existing equipment ratings for certain cases; however, it is

anticipated that the 46 kV bus will be rebuilt and the new design must

incorporate the expected new fault currents.

Figure A-9 shows the results of fault studies for the case of two

50 MVA transformers connected to both units, prior to inclusion of the

possible 8,000-hp startup boiler feed pumps. Figure A-10 shows the

results for the case of two I00 MVA transformers. Figure A-9 indicates

that Buses IAI and 2AI exceed the criteria by a half percent but this is

not considered significant enough to revise the transformer impedance.

The case for Figure A-10 was calculated with secondary unit substa-

tion transformer impedances revised to nameplate conditions and the fault

currents were recalculated at all secondary unit substations (SUSs) as a

check. The fault currents at the SUSs were slightly less than original

design values due to the nameplate impedance being greater than the design

allowance impedance. The result for SUS C21 is shown as typical.

Additional calculations were made to include the possible new startup

boiler feed pumps. The results indicated that the 6.9 kV bus fault cri-

teria would be exceeded significantly; therefore, calculations were made

to determine an appropriate reserve transformer impedance.

Figures A-15 and A-16 show the results for the case of two i00 MVA

and two 50 MVA transformers, respectively. There is a 0.9 percent higher
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fault current than the criteria value, but this is not considered signifi-

cant enough to revise the impedances.

Although not included in this study, the fault currents at the dc

substation, relay house, ash recycle pumphouse, and thaw shed service

entrance equipment must not exceed the equipment’s interrupting ratings.

A review of the equipment ratings indicated that the ratings are not

exceeded.

3.3.4 Auxiliary Electric System Bus Residual Voltage

As indicated in Subsection 3.3.1, the bus residual voltage is the

primary factor in determining the suitability of the fast transfer scheme

and the resultant voltages across the system impedances. The bus residual

voltage is the voltage measured at the 6.9 kV bus after the main auxiliary

source is disconnected and is determined by the characteristics of the

connected motors and their mechanical load. When disconnection occurs,

those motors that have larger time constants tend to support the bus volt-

age and supply excitation current to those motors that have smaller time

constants. The net effect is that the voltage measured at the bus will

decay at some intermediate rate and the system is held in synchronization

until voltage reaches about 20 percent. The system frequency will decay

as the motors slow down. The frequency decay is determined by the energy

stored in the rotating masses and its transfer to the connected loads.

The motors with larger inertias will supply the majority of energy to the

smaller inertia motor loads and the resultant decay in speed and frequency

is primarily dependent upon the larger inertia loads.

Calculation of individual motor voltages, motor speeds, and resultant

residual bus voltage and frequency is not possible by any but the most

complex digital computer programs. Such programs are not commercially

available at this time. Papers indicating the results of fast transfer

tests and of those of calculations made by proprietary programs are avail-

able for comparison and generalization as to expected voltages. EPRI
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report EL 4286 VII, Improved Motors for Utility Applications, Bus Transfer

Studies presents the fast transfer technique in detail including the

effects of variable frequency drives. In comparing the results of the

EPRI report for bus load data similar to the bus load data in Tables 3-5

through 3-8, residual voltages characteristics can be generalized.

It would be expected for Buses IAI and IBI that the voltage decay

would be gradual since the open circuit time constants are of a typical

value, but due to relative low inertia constant, the frequency decay would

be faster than average. Buses IA2 and IB2 would have voltage decay sim-

ilar to Buses IAI and IBI. Because the ID fan drive is a variable fre-

quency drive and does not contribute energy to the bus during a transfer

and the other major source of inertia (the primary air (PA) fans) is

tripped under the bus transfer condition, the frequency decay would also

be faster than average and similar to the low inertia Buses IAI and IBI.

Nevertheless, the residual voltage is expected to be of a value and

phase angle that will allow a fast transfer without producing excessive

motor currents and torques. Fortunately, bus voltage plots are available

which show the actual bus voltages after a unit trip. Bus main breaker

trip times are also shown on these plots. These plots allow determination

of the bus residual voltage and phase angle for typical bus loadings which

support the generalization made above. The referenced plots are from the

plant RIS TR-1620 digital fault recorder and are for events on April 27

and November 24, 1988, and January 2, 1989.

The voltage plots are nearly identical for the bus disconnect time

under consideration. The April 27 plot (Figure 3-2) was analyzed to

determine voltage, phase angle, and frequency at the moment of closing the

new reserve source breaker following the main breaker trip.

The new circuit breaker rated closing time is expected to be a maxi-

mum of nine cycles, while the opening time of the existing main breakers

as shown by chart traces is approximately five cycles (cycles are on 60 Hz

basis); therefore, the bus disconnect time is four cycles. The res:dual

voltage and angle for Buses IAI and IBI are 0.73 per unit at -55 degrees
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TABLE 3-5. SWITCHGEAB IAI MOTOR AND LOAD DATA

Application QuantitV HP KV___~ARPM FL__~A LRA

Pulverizer 4 800 793 900 69 391

Air Compressor 1 700 683 57 343

Closed Cycle Cooling
Water Pump                   1 500 448 900 40 237

480 Volt SUS 12 489 41 245

Switchgear 1A3

Scrubber Spray Pump 9 500 431 1,800 37 235

Limestone Pulverizer 1 600 534 1,200 47 336

480 Volt SUS 4 489 41 245

Load

4,748
TO__~C

1,675     0.70     2,936 1.13

625     1.08     4,735 2°73

2,765     1.72     2,643 1.35

NOTES:

(i) NO detailed data available on air compressor motor, pulverizer motors, or 480 volt SUS.

(2) H = (2.31 x l0-7) (WK2) (RPM)2/kVA.

TS__~CXd"

0.178

0.167

0.167

0.167

0.157

0.140

0.167



TABLE 3-6. SWITCHGEAR IA2 MOTOR A~D LOAD DATA

ADDllcatlon Quantltv HP
Forced Draft Fan 1 6,500
Primary Air Fan 1 4,000
Circulatlng Water Pump 1 2,000
Condensate Pump 2 1,750
Boiler Feed Pump
(Existing) 1 7,000
Boiler Feed Pump
(Future) 1 8,000
Booster Boiler Feed
Pump 1 600
Fly Ash Compressor 1 700
Belt Conveyor 1 400
Induced Draft Fan 2 7,500
480 Volt SUS 1

KVA RPM FLA LRA WE2

5,921 900 508 3,043 61,436
3,459 1,200 302 1,945 161,595
1,961 450 179 1,002 6,500
1,535 1,200 132 858 2,461

5,853 1,800 512 3,246 3,892

6,693 1,800 585 3,709 4,000

532 1,800 46 279 460
585 3,600 51 336 852
323 1,800 27 162

538 538
1,785 149 896

NOTES:

(1)
(2)
(3)
(4)

The circulating water pump motor is rated at 2,050 hp in the motor data.

No detailed data available on belt conveyor motor or 480 volt SUS.

H = (2.31 x 10-7) (WK2) (RPM)2/kVA.

The induced draft fan is a variable frequency drive.

Load
H Tor~ TOC TSC

1.94 20,123 1.55 0.1 0.17
15.5 17,582 2.29 0.113 0.168
0.155 24,131 0.87 0.179
0.533 7,726 1.29 0.06 0.154

0.498 20,516 3.49 0.11 0.17

0.510 23,446 3.49 0.11 0.17

0.647 3,838 1.8 0.165
0.435 1,027 2.05 0.152

0.55 0.167

0.5 0.167



T~J~LE 3-7. SWITCHGEAR iEl MOTOR AND LOAD DATA

Load
~pplication Quantltv HP KVA RPM FLA LRA WE2 H Torque TOC
Pulverizer 1 800 793 900 .69 391 4,748
Air Compressor 1 700 683 "57 343
Closed Cycle Cooling
Water Pump                  4 500 448 900 40 237 1,675 0.70 2,936 1.13
480 Volt SUS 10 489 41 245
Switchgear IB3

Scrubber Spray Pump 9 500 431 1,800 37 235 625 1.08 4,735 2.73
Limestone Pulverlzer 1 600 534 1,200 47 336 2,765 1.72 2,643 1.35
480 Volt SUS 3 489 41 245

NOTES:

(1) No detailed data available on air compressor motor, pulverlzer motor, or 480 volt SUS.

(2) H = (2.31 x 10-7) (WK2) (RPM)2/kVA.

TS__~C
0.178
0.167

0.167

0.167

0.157
0.140
0.167



TABLE 3-8. SWITCHGEAR IB2 MOTOR AND LOAD DATA

Application Quantltv
Forced Draft Fan 1
Primary Air Fan 1
Circulatlng Water Pump 2
Condensate Pump 1
Boiler Feed Pump
(Future} 1
Booster Boiler Feed
Pump 2
Fly Ash Compressor 2
Induced Draft Fan 2
480 Volt SUS 1

L ~ RPM FLA LRA WK2 H
6,500 5,921 900 508 3,043 61,436 1.94
4,000 3,459 1,200 302 1,945 161,595 15.5
2,000 1,961 450 179 1,002 6,500 0.155
1,750 1,535 1,200 132 858 2,461 0.533

8,000 6,693 1,800 585 3,709 4,000 0.510

600 532 1,800 46 279 460     0.647
700 585 3,600 51 336 852 0.435

7,500 538 538
1,785 149 896

NOTES~
(1)
(2)

(4)

The clrculating water pump motors are’rated at 2,050 hp in the motor data.
No detailed data available on belt conveyor motor or 480 volt SUS.
H = (2.31 x 10-7) (WK2) (RpM)2/kVA.

The induced draft fan is a varlable frequency drive.

Load

20,123 1.55 0.I 0.17
17,582 2.29 0.113 0.168
24,131 0.87 0.179
7,726 1.29 0°06 0.154

23,446 3.49 0.11 0.17

3,838 1.8 0.165
1,027 2.05 0.152

0.5 0.167
o
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and 57.6 Hz while Buses IA2 and IB2 are 0.73 per unit at -42 degrees and

58.6 Hz. These values when converted to a volts per Hz basis on the motor

rated kV base and subtracted from the reserve source on the same basis

give resultant voltages of 0.90 V/Hz per unit for Buses IAI and IBI and

0.73 V/Hz per unit for Buses IA2 and IB2. These values are less than the

ANSI standard C50.41-77 recommended 1.33 V/Hz per unit maximum resultant

voltage limit.

Although the resultant voltage for this condition is within accept-

able limits, bus loading could be such that the voltage would not be

acceptable for a fast transfer and it is recommended that a high-speed

synch-check relay designed for this purpose be installed at each 6.9 kV

reserve bus. This relay would monitor the reserve source voltage and bus

voltage and inhibit reserve breaker closing if the resultant voltage

exceeded 1.33 V/Hz.

3.3.5 Auxiliary Electric System Fast Transfer Voltages and Power Flows

As indicated in Subsections 3.3.2 and 3.3.3, the Electrocon load flow

program was utilized to calculate system voltages and power flows during a

fast transfer using the bus residual voltage and system impedances. Of

primary importance is the voltage at the 46 kV substation since a large

voltage drop could lead to adc substation trip. When the reserve breaker

is closed onto the bus, the resultant voltage, i.e., the difference be-

tween the reserve source voltage and each motors residual voltage, appears

across the system impedances which include the source impedance, 46 kV

transformer impedance, reserve auxiliary transformer impedance, and the

motors locked-rotor impedance. Since individual motor voltages are

unknown, an approximation is made by equating the bus residual voltage to

the motor residual voltage and then lumping all motor and SUS impedances

together to simulate a single motor and voltage at each bus. This bus is

then modeled in the Electrocon program as a source (swing) bus connected

to the 6.9 kV auxiliary bus through a branch connection of impedances
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equal to the lumped load impedance. The reference bus is assigned a volt-

age and angle equal to the bus residual voltage and angle as determined by

the graph analysis discussed in Subsection 3.3.4.

Since the substation is not connected to either unit during a two-

unit trip, the substation source (swing) bus was remodeled to a source bus

connected to the substation through an impedance in order to model the

substation source as a 6,000 or 12,000 MVA source during the fast transfer

calculation.

Motor and SUS impedances are listed in Tables 3-5 through 3-8. All

motors except the pulverizers and PA fans, which are tripped when the unit

trips, are connected. In addition, the impedances for the new 8,000-hp

boiler feed pumps were used in lieu of the existing 7,000-hp pump.

Figure A-f1 indicates the voltages for a two unit transfer with one

46 kV i00 MVA transformer in service. The voltage at the 46 kV bus meets

the study criteria. The voltage at the converter station dips to 0.897

per unit which is less than the preferred 0.9 per unit but is acceptable.

The 6.9 kV buses recover to 0.81 per unit which is also acceptable. As

the motors accelerate, the bus currents will decrease and the system power

factor will improve until the voltage reaches post trip values as pre-

viously calculated in the power flow calculations.

Figures A-19 and A-20 indicate the voltages for the case of one 46 kV

50 MVA transformer and one 46 kV i00 MVA transformer and also include

revised reserve auxiliary transformer impedances due to the 8,000-hp

startup boiler feed pumps. For the 100 MVA transformer case, the 6.9 kV

bus voltages decreased slightly; however, all results are acceptable.

For the 50 MVA transformer case, the 46 kV substation voltages have

dipped below the 0.85 per unit criteria.

During the fast transfer, there will be dc transient currents imposed

on the ac currents which have the effect of increasing the total RMS value

of inrush current and subsequently lowering the voltage. The effect will

last for three to five ~-ycles and will increase the first half cycle RMS
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current value by 20 to 40 percent and, therefore, increase the voltage

drops causing slightly less voltage at the buses than calculated. Since

this is an extremely short duration event, no adverse effects on the

operation of the 46 kV substation are predicted.

3.3.6 Induced Draft Fan Consideration

As discussed in the EPRI EL-4286 report, variable frequency drives

normally will not contribute energy to the bus during the disconnect

period, but will keep driving the load and tend to decrease the bus volt-

age and frequency more than if the motors were directly connected to the

power source. Two methods of enhancing the bus residual voltage by con-

trol of the variable frequency drives are presented: one is to direct the

drive to coast and the other is to direct the drive to regenerate.

The induced fan drives for this project are built by Westinghouse

Electric Corporation and are designed to regenerate when the speed signal

is decreased. During a unit trip, regeneration will occur due to a tem-

porary combustion control system runback bias to prevent high negative

furnace pressures. This runback is evident by power decrease and ID fan

rpm decrease shown on Figure 3-i. Although this regeneration occurs, the

time at which it begins will be after the fast transfer is complete.

Westinghouse has been contacted to determine if the system can be modified

for instant regeneration or coast modes. Westinghouse has indicated that

reprogramming will be required and may not achieve acceptable results.

The induced draft fan drives must remain in operation during the fast

transfer so that the boiler draft is not disturbed. Therefore, the drive

must not trip due to low voltage at the bus. The control system is

powered from the essential services power and is not affected. Loss of

drive cooling fans will trip the fan drives but due to the quick transfer

time this is not expected to cause an ID fan drive trip. The only other

trip that could be determined to affect the successful transfer is the

6.9 kV bus low voltage trip. When voltage decreases to 0.7 per unit or

less, the ID fan drive will trip.

3-28

IP12 005250



EXPANSION STUDY FI uE
NO.     15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092?89-0

Westinghouse was requested to verify the above assumptions; however,
they responded with uncertainty and recommended that tests be performed to

determine the actual response characteristics of the fan drives during a

load transfer.

3.3.7 Motor Starting Capabilities

Although motor starting is not a requirement of this study, it is

desirable to know what would be the largest motor that could be started

without an unacceptable voltage drop. The large motor Buses IA2 and IB2

motors are designed to start with 5.28 kV voltage at the motor terminals

and, allowing for cable voltage drop, about 5.41 kV (0.78 per unit) at the

6.9 kV switchgear bus.

The small motor buses were designed to limit minimum voltage to

5.86 kV (0.85 per unit) when starting the largest motor on these buses.

These buses also have the majority of SUS loads.

Since Buses IAI and IA2 are connected together, large motor starting

on Bus IA2 will reduce the voltage on Bus IAI. However, providing that

voltage does not dip below 0.78 per unit while starting any motor on

Bus IA2 or 0.85 when starting any motor on Bus IAI, the motor will start

successfully without disturbing running loads.

The load flow program was used to solve for voltages by assuming

20 MW running motor load per unit and modeling starting motors as a

reactive shunt of fixed impedance based on starting motor l~cked-rotor

impedance. The substation source was modeled at its minimum and probable

minimum MVA fault capacities of 6,000 and 12,000 MVA since both generating

units are tripped.

Figure A-13 shows the results of starting one of the future 8,000-hp

startup boiler feed pumps with the 46 kV I00 MVA transformer. Substation

and plant voltages are acceptable.

Figure A-14 shows the results of starting one 6,500-hp FD fan motor

for the same conditions of Figure A-13. Again all voltages are accept-

able.
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The cases on Figures A-13 and A-14 are based on the reserve trans-

former impedance at 7.6 percent, not the final 8.0 percent. Since the

results would not be appreciably changed, additional the calculations were

not made.

Motor starting cases were also run for the single 46 kV, 50 MVA,

7.1 percent impedance transformer configuration. A 6,500-hp motor could

be started in this case.

3.4 SAFE SHUTDOWN ANALYSIS CONSIDERATIONS

Previous studies have analyzed the various control systems during a

loss of the associated programmable controller or a loss of plant auxil-

iary power. As a supplement to these analyses, the effects of the momen-

tary reduction in voltage that will be experienced during a fast transfer

have been considered. The components most likely to be affected by this

momentary reduction in voltage are motor starters, control relays, and

programmable controller processors and I/O. In addition, the bus under-

voltage tripping scheme was reviewed to determine if it would operate

during the fast transfer.

The coil data for motor starters and control relays were reviewed to

determine if the coils of these devices would drop out during the fast

transfer. In addition, the power specifications for programmable con-

troller processors, I/O interfaces, and 115 VAC input cards were reviewed

to determine if these components would remain operational. The following

is a summary of the findings.

¯ The motor starters for this project were specified to have a

dropout voltage of 90 volts or less. Furthermore, they were

specified to be unaffected by a complete loss of power for three

cycles. Testing performed on a recent project has shown that

the actual dropout voltage for motor starters is approximately

60 volts or 50 percent of nominal voltage.

¯ The control relays for this project were specified to have a

dropout of voltage of 75 volts or less. Furthermore, they were
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specified to be unaffected by a complete loss of power for three

cycles. Manufacturer’s informatio~ on the control relay coils

indicates that dropout will actually occur at voltages much

lower than that specified (7 volts for the Struthers-Dunn re-

lays). Field testing has shown that an Allen Bradley relay,

with no load, will drop out at approximately 60 volts. A

heavily loaded relay will probably hold in to a lower voltage,

due to inductance of the circuits.

All of the Plant Motor Control System programmable controllers

and the majority of the remaining programmable controllers are

served from a dedicated uninterruptible power supply. However,

the programmable controllers are designed to operate at 80 volts

for up to i0 seconds and to withstand a complete loss of power

for 17 milliseconds. The programmable controller 115 volt ac

inputs are designed to indicate an off state at 0 volt to

48 volts.

Based on these findings, malfunctions of the various control systems dur-

ing a fast transfer are not expected.

The bus undervoltage tripping scheme is designed to operate when the

switchgear bus voltage drops to approximately 45 percent of the nominal

rated voltage (55 volts at the potential transformer secondary) for

28 cycles and the switchgear main breakers are open~ Even if the switch-

gear bus voltage does drop to this level, it should not remain there for

the 28 cycles necessary to initiate the trip.

3.5 46 KV SUBSTATION MODIFICATIONS AND ESTIMATED OVERALL COSTS

The fault study for the i00 MVA 46 kV transformer configuration

requires breakers which are suitable for interrupting 49,354 amperes at an

X/R ratio of 36. The existing 46 kV breakers are rated at 20,000 amperes

interrupting capacity and must be replaced with new 115 kV breakers rated

at 63,000 amperes RMS interrupting capacity.
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For the 50 MVA 46 kV transformer configuration, the fault current is

28,442 amperes at an X/R ratio of 37. New 69 kV breakers rated 40,000

amperes RM$ interrupting capacity are then required.

In addition to the replacement of the existing breakers, it is

anticipated that the existing substation ring bus configuration will be

replaced with a breaker-and-one-half configuration including ii breakers.

Costs were estimated for breaker-and-one-half configuration utilizing the

I00 MVA transformers and utilizing the 50 MVA transformers, as shown

respectively on Tables 3-9 and 3-10.
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TABLE 3-9.      100 MVA TRANSFORMER CONFIGURATION

Item

i00 MVA Transformers

36 MVA Reserve Auxiliary
Transformers

Cable, Bus Duct Conduit,
Duct Bank

115 kV, 63 kAIC Breakers

Substation Bus, Stands,
Foundations and Grounding

7,200 Volt Circuit Breakers

Plant Control and Wiring

Substation Control and
Wiring

Contractor Mobilization
and Demobilization

Administrative and
Engineering Costs

Subtotal

Contingency (20 percent)

Total

Material

2,718,000

990,000

1,215,600

990,000

350,180

240,000

30,000

60~000

6,593,780

L~bor

100,800

28,000

738,800

61,600

74,600

10,800~

30,000

30~000

1,074,600

Total

7,668,380

70,000

766,800

8,505,180

,1:701:036

I0~206~216
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TABLE 3-i0.      50 MVA TRANSFORMER CONFIGURATION

Item

50 MVA Transformers

36 MVA Reserve Auxiliary
Transformers

Cable, Bus Duct Conduit,
Duct Bank

69 kV, 40 kAIC Breakers

Substation Bus, Stands,
Foundations and Grounding

7,200 Volt Circuit Breakers

Plant Control and Wiring

Substation Control and
Wiring

Contractor Mobilization
and Demobilization

Administrative and
Engineering Costs

Subtotal

Contingency (20 percent)

Total

Material

1,974,000

990,000

1,215,600

440,000

300,180

240,000

30,000

60 ~000

5,249,780

Labor

100,800

28,000

738,800

39,000

66,200

10,800

30,000

30~000

1,043,600

Total

6,293,380

70,000

629:338

6,992,718

I~398~543

8~391~261
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EXPANSION STUDY F~t.~ 15119.42.0412
NOo

AUXILIARY ELECTRIC SYSTEM IPP 0927B9-0

EQUI PMENT IMPEDANCES

B.I Generator, Generator Transformer, and Unit Auxiliary Transformer

Impedances.

B.2 Segregated and Nonsegregated Phase Bus Duct Impedances for Auxiliary

System.

B.3 46 kV Cable and Nonsegregated Bus Duct Impedances for Reserve

Auxiliary System.

B.4 6.6 kV Motor Impedances.

B.5 6.6 kV Motor Cable Impedances.

B.6 SUS Cable Impedances.

B.7 SUS Transformer Impedances.

Data listed under the original column were derived from the original

project load flow and fault studies dated July 9~ 1987~ Project 9255, B&V

File 52.0401.

Data listed under the current column were derived from the latest

available source (shop drawing, test data, or nameplates).

B-2
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EXPANSION STUDY FILE    15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

Bol GENERATOR, GENERATOR TRANSFORMER, AND UNIT AUXILIARY TRANSFORMER IMPEDANCES

Generator Impedance

Name kVA
Current Original

Impedance Value (X"d} Impedance Value (X"d}
R X R X

Generator I 991,000 0.000191308 0.105731584 0.000191308 0.105731584

Transformer Impedances

Name Winding
Current Original

kVA Impedance Value X/R Impedance Value
percent percent

Unit Auxiliary H-X 18,000 6.62 38 6.43
Transformer IA H-Y 18,000 6.65 38 6.43

X-Y 18,000 12.52 47.5 12.86

40
40
40

Unit Auxiliary     H-X 18,000 6.69 38 6.43
Transformer IB H-Y 18,000 6.76 38 6.43

X-Y 18,000 12.66 47.5 12.86

40
40
4O

Generator 968,800 9.20 88 9.22
Transformer

40

NOTE: Impedances are in percent on the transformer kVA rating.

B-3
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No.

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.2 SEGREGATED AND NONSEGREGATED PHASE BUS DUCT IMPEDANCES FOE AUXILIARY SYSTEM

Segregated Phase Bus Impedance

Generator i to Generator Transformer 1

to Unit Auxiliary Trans-
former 1A

to Unit Auxiliary Trans-
fomer IB

Generator Transformer i to Substation

Nonsegregated Phase Bus Impedances

Unit Auxiliary Transformer IA to
Switchgear IAI

Unit Auxiliary Transformer IB to
Switchgear IBI

Unit Transformer IA to Switchgear IA2

Unit Auxiliary Transformer IB to
Switchgear iE2

NOTE: Impedance values are in OHMS.

Current Original
Impedance Value Impedance Value

R X R X
0,0000656 0.002010       0,0000656    0°002010

0.0004017 0.005386 0.0004017 0°005386

0.0005690 0o007611 0.0005690 0.007611

0.002062 0.002062 0.002062 0°002062

Current Original
Impedance Value Impedance Value

R X R X

0.0004915 0.006762 0 0.006638

0.0004984 0.006853 0 0.006729

0.0004709 0.006476 0 0.006358

0.0004709 0.006476 0 0.006358

B-4
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.3 46 kV CABLE AND NONSEGREGATED BUS DUCT IMPEDANCES FOR RESERVE AUXILIARY SYSTEM

46 kV Cable

46 kV Substation to Reserve Auxiliary
Transformer 1

46 kV Substation to Reserve Auxiliary
Transformer 2

Nonseqreqate~ Phase BUS Duct

Reserve Auxiliary Transformer 1
to Switchgear IA1

Reserve Auxiliary Transformer 1
to Switch,ear

Switchgear IAI tO Switchgear 1A2

Switchgear IBI to Switchgear IB2

Swltchgear IAI to Switchgear 1A3

Switchgear iBl to Switchgear 1B3

NOTE= Impedance values are in OHMS.

Current Oriqinal
Impedance Value Impedance Value

R X R X

0.042074 0.119516 --

0.035844 0.101851

Current Original
Impedance Value Impedance Value

R X R X

0.000872 0.011998 ....

0.000863 0.011810

0.000208 0.002857

0.000208 0.002857

0.012122 0.019791

0.012534 0.020368

B-5
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B. 4 6 . 6 kV MOTOR IMPEDANCES

6,6 kV Motor Impedances on Switchqear IAI

Name kVA
Current

Impedance Value
R        X

IECB-MP-IA-Closed
Cycle Cooling Water Pump IA

9CAA-CMP-IA .
Air Compressor 1A

~riqinal
Impedance Value
R        X

ISGA-PLV-1A
Pulverizer iA

ISGA-PLV-IB
Pulverizer IB

445 1,86 105,9 462 1,69 96,0

ISGA-PLV-IC
Pulverizer-lC

ISGA-PLV-1D
Pulverizer 1D

647 0,95 31,3 647 0,95 31,3

793 0°93 64,3 793 0,89 61,5

793 0,93 64,3 793 0,89 61,5

793 0,93 64,3 793 0,89 61,5

793 0.93 64.3 793 0.89 61.5

NOTE: Impedance values are in OHMS,
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.4 (Continued) 6.6 kV MOTOR IMPEDANCES

6.6 kV Motor Impedances on Swltchgear IBI

Name kV.._~
Current

Impedance Value
R        X

IECB-MP-IB-Closed
Cycle COoling Water Pump 1A

9CAA-CMP-IB
Air CompresSor 1B

Original
Impedance Value
R        X

ISGA-PLV-IE
Pulverizer IE

IGSA-PLV-IF
Pulverizer 1F

445 1o86 105.9 462 1.69 96.0

1SGA-PLV-IG
Pulverizer 1G

647 0.95 31.3 647 0.95 31.3

793 0,93 64.3 793 0.89 61.5

1GSA-PLV-1H
PuZverizer IH

793 0.93 64.3 793 0.89 61.5

793 0.93 64.3 793 0.89 61.5

793 0.93 64.3 793 0.89 61.5

NOTE= Impedance values are in OHMS.
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15119.42.0412NO.

AUXILIARY ELECTRIC SYSTEH IPP 092789-0

Bo4 (Continued} 6.6 kVMOTOR IMPEDANCES

6.6 kV Motor Impedances on Switchgear IA2

Name kV._~A

IHRC-MP-1B
Circulating Water Pump 1B

1HRA-MP-1C
Condensate Pump lC

1HRA-MP-IA
Condensate Pump 1A

1SGB-FAN-2A
Primary Air Fan 2A

IGSB-MPAN-IA
Forced Draft Fan IA

1FWA-MP-IC
Boiler Feed Pump 1C

IFWA-MP-2B
Booster Boiler Feed Pump 2B

9CHD-CVY-18A
Belt Conveyor 18A

IASB-CMP IA
Fly Ash Compressor IA

17QD-XF-1
LO Flush Pump

Current                             Original
Impedance Value kV~A Impedance Value
R        X                  R        X

1,961 0.27 12.5 1,848 0.26 12.0

1,535 0.32 14.6 1,617 0.31 14.0

1,535 0.32 14.6 1,617 0o31 14.0

3,459 0.11 6.45 3,695 0.ii 6.20

5,921 0.07 4.12 6,005 0.06 3.70

6,693 0.07 3.87 6,467 0.06 3.50

532 1.43 90.0 554 1.36 85°8

370 2.40 120.7 370 2.40 120.7

580 2.06 39.0 414 5.66 i07.5

350 192 1,920 350 192 1,920

NOTE= Impedance values are in OHMS.
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.4 (Continued} 6.6 k~ MOTOR IMPEDANCES

6.6 kV Motor Impedances on Switchgear IB2

kV__A
Current

Impedance Value
R        X

1HRC-MP-1A
Circulating Water Pump IA

IHRA-MP-IB
Condensate Pump IB

ISGB-FAN-2B
Primary Air Fan 2B

1SGB-MFAN-1B
Forced Draft Fan IB

IFWA-MP-2C
Booster Boiler Feed Pump 2C

IFWA-MP-2A
Booster Boiler Feed Pump 2A

IASB-CMP-IC
Fly Ash Compressor IC

IASB-CMP-1B
Fly Ash Compressor 1B

IHRC-MP-IC
Circulating Water Pump IC

Oriqinal
Impedance Value
R        X

1,961 0.27 12.5 1,848 0.26 12.0

1,535 0.32 14.6 1,617 0.31 14.0

3,459 0.11 6.45 3,695 0.11 6.20

5,921 0.07 4.12 6,005 0.06 3.70

532 1.43 90.0 554 1.36 85.8

532 1.43 90.0 554 1.36 85.8

585 1.13 37.4 647 1.09 35.9

585 1.13 37.4 647 1.09 35.9

1,961 0.27 12.5 1,848 0.26 12.0

NOTE= Impedance values are in OHMS.
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Bo4 (Continued) 6.6 kV MOTOR IMPEDANCES

6.6 kV Motor Impedances on Switchqear IA3

kVA
Current

~mpedance Value
R        X

ICCC-MP-1D
Scrubber HP Spray Pump ID 431

ICCC-MP-2D
Scrubber IP Spray Pump 2D 431

ICCC-MP-3E
Scrubber LP Spray Pump 3E 431

ICCC-MP-IF
Scrubber HP Spray Pump IF 431

ICCC-MP-2F
Scrubber IP Spray Pump 2F 431

ICCC-MP-3C
Scrubber LP Spray Pump 3C 431

9BMC-PLV-IA
Limestone Pulverizer IA 534

1CCC-MP-3A
Scrubber LP Spray Pump 3A 431

1CCC-MP-2B
Scrubber IP Spray Pump 2B 431

ICCC-MP-1B
Scrubbe~ HP Spray Pump IB 431

NOTEs Impedance values are in OHMS.

Oriqlnal
Impedance Value
R        x

1.88 106.8 462 1.69 96.0

1.88 10608 462 1.69 96.0

1.88 106.8 462 1.69 96.0

1.88 106.8 462 1.69 96.0

1.88 106.8 462 1.69 96.0

1.88 106.8 462 1.69 96.0

1.19 74.7 554 1.23 77.5

1.88 106.8 462 1.69 96.0

1.88 106.8 462 1.69 96.0

1,88 106.8 462 1.69 96.0

B-IO
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FILE
EXPANSION STUDY NO.    15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.4 (Continued) 6.6 kV MOTOR IMPEDANCES

6.6 kV Motor Impedances on Switchqear IB3

Current                            Original
Name kVA ,~mpedance Value kVA Impedance Value

R X R X

1CCC-MP-3D
Scrubber LP Spray Pump 3D 431 1o88 106.8 462 1.69 96°0

ICCC-MP-1E
Scrubber HP Spray Pump IE 431 1.88 106.8 462 1.69 96.0

1CCC-MP-2A
Scrubber IP Spray Pump 2A 431 1.88 106.8 462 1.69 96°0

1CCC-MP-2E
Scrubber IP Spray Pump 2E 431 1,88 106.8 462 1.69 96.0

1CCC-MP-IA
Scrubber HP Spray Pump 1A 431 1.88 106.8 462 1.69 96.0

1CCC-MP-3B
Scrubber LP Spray Pump 3B 431 1.88 106.8 462 1.69 96.0

9BMC-PLV-IB
Limestone Pulverizer IB 534 1.19 74.7 554 1.23 77.5

ICCC-MP-3¥
Scrubber HP Spray Pump 3F 431 1.88 106.8 462 1.69 96.0

ICCC-MP-2C
Scrubber IP Spray Pump 2C 431 1.88 106.8 462 1.69 96.0

ICCC-MP-IC
Scrubber LP Spray Pump IC 431 1.88 106.8 462 1.69 96.0

Impedance values are in OHMS.
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FILEEXPANSION STUDY NO.     15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

Bo4 (Continued) 6,6 kV MOTOR IMPEDANCES

6.6 kv Motor Impedances on Switch,ear C1

Current                            Oriqinal
Name kV___~A Impedance Value kV__A Impedance Value

R X R X

9CHB-CVY-4
Conveyor 4 323 2.89 138 323 2.89 138

9CHB-CVY-3
Conveyor 3                           554 1.36 85.8 554 1.36 85.8

9CHB-CVY-8
Conveyor 8 370 2.40 123 370 2°40 123

9CHB-CVY-5A
Conveyor 5A 462 1.67 95.3 462 1.67 95.3

9CHD-CRH-IA
Crusher 1A 370 2.40 123 370 2.40 123

9CHB-CVY-2A
Conveyor 2A 831 0.76 55.1 831 0°76 55.1

NOTEs Impedance values are in OHMS.

B-12
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F,L~ 15119.42.0412EXPANSION STUDY No.

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

Bo4 (Continued} 6.6 kV MOTOR IMPEDANCES

6.6 kV Motor Impedances on Switchgear C2

Name kV__A
Current

Impedance Value
R        X

9CHB-CVY-2B
Conveyor 2B 831 0.76 55.1

124

55.1

55.1

9CHD-CRH-IB
Crusher IB 370 2.43

9CHB-CVY-6
Conveyor 6 831 0.76

9CHB-~Y~Z-5B
Conveyor 5B 831 0.76

NOTE: Impedance values are in OHMS.

Original
kV~A Impedance Value

X

831 0°76 55ol

370 2°43 124

831 0.76 55.1

831 0.76 55oi
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F~LE 15119.42.0412EXPANSION STUDY NO.

AUXILIARY ELEGTRI~ SYSTEM IPP 092789-0

B.5 6.6 kVMOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switchqear IA1

To

IECB-MP-1A-Closed
Cycle Cooling Water Pump 1A

9CAA-CMP-IA
Air Compressor 1A

1SGA-PLV-IA
Pulverizer IA

ISGA-PLV-1B
Pulverizer IB

ISGA-PLV-IC
Pulverizer IC

ISGA-PLV-1D
Pulverizer ID

Orlqlnal and Current
Impedance Value

R          X

0.024757 0.014759

0.006198 0.003809

0.023805 0.014283

0.024281 0.014283

0.024757 0.014759

0.025233 0.015235

NO~E= Impedance values are in OHMS.
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15119.42.0412EXPANSION STUDY NO.

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.5 (Continued) 6.6 kV MOTOR CABLE IMPEDANCES

6.6 Motor Cable Impedances from Switchgear

To

IECB-MP-IB-Closed
Cycle Cooling Water Pump IB

9CAA-CMP-1B
Air Compressor 1B

ISGA-PLV-IE
Pulverizer IE

ISGA-PLV-IF
Pulverizer IF

ISGA-PLV-1G
Pulverizer IG

ISGA-PLV-IH
Pulverizer IH

NOTE= Impedance values are in OHMS.

Original and Current
Impedance Value

R           X

0.022377 0.013331

0.005237 0.002857

0.017616 0.010950

0.019520 0.011426

0°020948 0.012379

0.023853 0.013807
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.5 (Continued) 6.6 kV MOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switchqear IA~

TO

IHRC-MP-IB
Circulating Water Pu~ IB

IHRA-MP-1C
Condensate Pump iC

IHRA-MP-1A
Condensate Pump IA

ISGB-Fan-2A
Primary Air Fan 2A

1GSB-MFAN-IA
Forced Draft Fan IA

IFWA-MP-IC
Boiler Feed Pump 1C

IFWA-MPy2B
Booster Boiler Feed Pump 2B

9CHD-CVY-18A
Belt Conveyor 18A

1CCE-MFAN-IA
Induced Draft Fan 1A

ICCE-MFAN-1B
Induced Draft Fan 1B

IASB-CMP-IA
Fly ASh Compressor 1A

170D-XF-1
LO Flush Pump 1A

Oriqinal and Current
Impedance Value

R          X

0.18849 0.16802

0.008022 0~007151

0.008684 0°007741

0.015143 0.018339

0.009003 0.016351

0.009365 0.017006

0.018166 0.016187

0.059073 0.052657

0.009793 0.023905

0.009793 0.023905

0.043325 0.025709

0.0556 0.0496

NOTE� Impedance values are in OHMS.
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.5 (Continued) 6.6 kVMOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switch,ear IB2

To

IHRC-MP-IA
Circulating Water Pump 1A

IHRA-MP-IB
Condensate Pump iB

ISGB-Fan-2B
Primary Air Fan 2B

1SGB-MPAN-IB
Forced Draft Fan 1B

IFWA-MP-2C
Booster Boiler Feed Pump 2C

IFWA-MP-2A
Booster Boiler Feed Pump 2A

IASB-CMP-IC
Fly Ash Compressor IC

IASB-CMP-IB
Fly Ash Compressor 1B

IHRC-MP-IC
Circulating Water Pump

ICCE-MPAN-IC
Induced Draft Fan IC

ICCE-MFAN-ID
Induced Draft Fan iD

NOTE: Impedance values are in OHMS.

Oriqinal and Current
Impedance Value

R           X

0.191806 0.170977

0.009998 0.008922

0.014569 0.026471

0.009017 0.016378

0.027780 0.024757

0.025457 0.022696

0.042235 0.037660

0.043892 0.039126

0.188536 0.168016

0.010455 0.025524

0.010200 0.024900
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FILE 15119.42.0412EXPANSION STUDY NO.

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.5 (Continued) 6.6 kV MOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switchqear IA3

To

ICCC-MP-ID
Scrubber HP Spray Pump ID

lCCC-MP-2D
Scrubber IP Sp~ay Pump 2D

ICCC-MP-3E
Scrubber LP Spray Pump 3E

1CCC-MP-1F
Scrubber HP Spray Pump

ICCC-MP-2F
Scrubber IP Spray Pump 2F

1CCC-MP-3C
Scrubber LP Spray Pump 3C

9BMC-PLV-IA
Limestone Pulverizer 1A

1CCC-MP-3A
Scrubber LP Spray Pump 3A

ICCC-MP-2B
Scrubber IP Spray Pump 2B

1CCC-MP-IB
Scrubber HP Spray Pump

NOTE= Impedance values are in OHMS.

Oriqinal and Current
Impedance Value

0.005966 0.005318

0.006961 0.006204

0.012598 0.011226

0.015249 0.013593

0.015911 0.014188

0.014916 0.013283

0.065835 0.058684

0.004970 0.004432

0.011269 0.010046

0.012264 0,010931
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AUXILIARY ELECTRIC SYSTEM IPP 092~89-0

B.5 (Continued) 6,6 kV MOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switchqear

To

ICCC-MP-3D
Scrubber LP Spray Pump 3D

1CCC-MP-IE
Scrubber HP Spray Pump 1E

ICCC-MP-2A
Scrubber IP Spray Pump 2A

ICCC-MP-2E
Scrubber IP Spray Pump 2E

1CCC-MP-IA
Scrubber HP Spray Pump 1A

ICCC-MP-3B
Scrubber LP Spray Pump 3B

9BMC-PLV-IB
Limestone Pulverizer IB

ICCC-MP-3F
Scrubber HP Spray Pump 3F

ICCC-MP-2C
Scrubber IP Spray Pump 2C

1CCC-MP-IC
Scrubber LP Spray Pump IC

NOTE= Impedance values are in OHMS.

Oriqinal and Current
Impedance Value

R X

0.008617 0.007684

0.010936 0.009760

0.006630 0.005908

0.012264 0,010934

0.008289 0.007389

0.010274 0.009160

0.065845 0.058684

0.018563 0.016549

0.016906 0.015069

0.018901 0.016844
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.5 (Continued) 6.6 kV MOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switchgear C1

To
Original and Current

Impedance Value
R          X

9CHB-CVY-4
Conveyor 4 0,042563 0.037945

9CHB-CVY-3
Conveyor 3 0.039583 0o035284

9CHB-CVY-8
Conveyor 8 0.011331 0.010108

9CHB-CVY-5A
Conveyor 5A 0.016664 0°014835

9CHD-CRH-IA
Crusher IA 0°106875 0°095220

9CHB-CVY-2A
Conveyor 2A 0.044220 0.039421

NOTE= Impedance values are in OHMS=
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

Bo5 (Continued) 6.6 kVMOTOR CABLE IMPEDANCES

6.6 kV Motor Cable Impedances from Switchqear C2

To

9CHB-CVY-2B
Conveyor 2B

9CHB-CRH-IB
Crusher 1B

9CHB-CVY-6
Conveyor 6

9CHB-CVY-5B
Conveyor 5B

NOTE= Impedance values are in OHMS.

Original and Current
Impedance Value

0.047867 0.042659

0.104885 0.093506

0.051895 0.046229

0.013188 0.011760
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FILE 15119.42.0412EXPANSION STUDY NO.

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.6 SUS CABLE IMPEDANCES

SUS Cable Impedances from Switchqear IAI

To
Oriqinal and Current

Impedance Value
X

SUS IAI
Turbine Area Primary 0.003315 0.002955

SUS IA2
Boiler Area P~imary 0.022996 0.020525

SUS 1A3
Plant 0.002321 0.002069

SUS IA4
Plant 0.004310 0.003841

SUS IA5
Plant 0.002652 0.002364

SUS IA6
Plant 0.004970 0.004432

SUS IA8
Plant 0.003315 0.002955

SUS IA9
Upper Boiler

SUS IAI0
Upper Boiler

SUS C12
Sludge Treatment

SUS C14
Water Treatment

SUS C16
Water Treatment

CPT 37
Warehouses

CPT 34
Construction Materials Secyrutt Office

CPT 35
Welding Services Building

NOTE: Impedance values are in OHMS.

0 024265

0 023603

0.021631

0.021039

0 208294 0.185679

0 062509 0.113536

0 004972

0 343887

0.004432

0.306551

0 156468

0 149109

0.139473

0.132832
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EXPANSION STUDY NO.     15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.6 (Continued) SUS CABLE IMPEDANCES

SUS Cable Impedances from Switchqear IBI

To
Original and Current

Impedance Value
R X

SUS IBI
Turbine Area Primary 0.004641 0°004137

SUS IB2
Boiler Area Primary 0.022542 0.020091

SUS IB3
Plant 0.002652 0.002364

SUS IB4
Plant 0.003646 0.003250

SUS IB5
Plant 0.001657 0.001476

SUS IB6
Plant 0.005304 0.004713

SUS IB8
Plant 0.002983 0.002657

SUS IB9
Upper Boiler 0.026454 0°023581

SUS IB10
Upper Boiler 0.025790 0,022996

SUS C21
Onsite Reservoir 0.283280 0.252523

CPT 33
Site Service Building 0.241569 0.215197

CPT 17
Management Office Building 0.063655 0.056656

CPT 6
Administration Building 0.195201 0.174048

CPT 29
Well Pump 2 0.062845 0.056085

NOTE: Impedance values are in OHMS.
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15119.42.0412EXPANSION STUDY NO.

AUXILIARY ELECTRIC SYSTEM 092789-0

B.6 (Continuted) SUS CABLE IMPEDANCES

SUS Cable Impedances from Swltchqear IA2

To

ITGD-XF-I
Turbine LO Flush Pump

SUS IAII
Cooling Tower

NOTE= Impedance values are in OHMS.

Oriqinal and Current
__Impedance Value
R           X

0o026471 0.023615

0.083606 0.51852

SUS Cable Impedances from Switchqear IB2

To

SUS IBII
Cooling Tower

NOTE: Impedance values are in OHMS.

Oriqinal and Current
Impedance Value

X

0.084474 0.153428
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: FI LEEXPANSION STUDY NO.    15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.6 (Continued) SUS CABLE IMPEDANCES

SUS Cable Impedances from Switchgear 1A3

To

SUS lA12
AQCS Control Building

SUS 1A13
AQCS Control Building

SUS C10
Limestone Preparation

SUS 1A14
Fabric Filter Building

NOTE= Impedance values are in OHMS.

SUS Cable Impedances from Switchgear IB3

To

SUS B12
AQCS Control Building

SUS B13
AQCS Control Building

SUS B4
Fabric Filter Building

NOTE: Impedance values are in OHMS.

Original and Current
Impedance Value

R           x

0.008094 0.007387

0.004310 0.003841

0.069273 0.061750

0.028090 0.025376

Original and Current
Impedance Value

R           X

0.006298 0.005613

0.001989 0.001773

0.027138 0.024229
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EXPANSION STUDY No.    15119.42o0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.7 SUS TRANSFORMER IMPEDANCES

SU_~S Transformer Impedances From Switchqear IAI

Current
~US kVA Impedance Value

percent

SUS IAI
Turbine Area Primary 1,500 7.87 8.94

SUS IA2
Boiler Area Primary 1,500 7.9 8.94

SUS 1A3
Plant 1,500 7.9 8.94

SUS IA4
Plant 1,500 7.67 8.94

SUS IA5
Plant 1,500 7.97 8.94

SUS IA6
Plant 1,500 7.92 8.94

SUS IA8
Plant 1,500 7.8 8.94

SUS 1A9
Upper Boiler 1,500 7.9 8.94

SUS 1A10
Upper Boiler 1,500 7.7 8.94

SUS C12
Sludge Treatment 1,500 7.9 8.94

SUS C14
Water Treatment 1,500 7.92 8.94

SUS C16
Water Treatment 1,500 7.9 8.94

NOTE: Impedance values are in percent on transformer kVA rating.

Oriqinal
Impedance Value
percent

io

io

i0

io

lO

i0

lO

IO

lO

IO

lO

lO
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FILE
NO, 15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.7 (Continued) SUS TRANSFORMER IMPEDANCES

SUS Transformer Impedances From Switchqear IBI

SUS kVA
Current

Impedance Value
percent

SUS IB1
Turbine Area Primary 1,500 7.92 8.94

SUS IB2
Boiler Area Primary 1,500 7.9 8.94

SUS 1B3
Plant 1,500 8.0 8°94

SUS IB4
Plant 1,500 7.92 8,94

SUS 1B5
Plant 1,500 ¯ 7.95 8°94

SUS IB6
Plant 1,500 7.99 8.94

SUS IB8
Plant 1,500 8.0 8.94

SUS IB9
Upper Boiler 1,500 7.8 8.94

SUS 1B10
Upper Boiler 1,500 7.9 8.94

SUS C21
Onsite Reservoir 1,500 7.9 8.94

NOTE: Impedances are in percent on transformer kVA rating.

Orlqinal
Impedance Value
percent

8

8

i0

I0

10

i0

I0

i0

10

10

I0
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FILE
NO. 15119.42.0412

AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.? (Continued) SUS TRANSFORMER IMPEDANCES

SUS Transformer Impedances From Switchgear IA2

SUS kVA

ITGD-XF-I
Turbine LO Flush Pump 750

SUS IAll
Cooling Tower 2,500 7.9

Current
Impedance Value
percent

I0

9.704

NOTE= Impedances are in percent on transformer kVA rating.

SUS Transformer Impedances From Switchqear IB2

To

sus 1Bll
Cooling Tower

NOTE=

Current
kVA Impedance Value

percent

2,500 7.8 9.704

Impedances are in percent on transformer kVA rating.

Original
Impedance Value
percent

Original
Impedance Value
percent

io

io

IO
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AUXILIARY ELECTRIC SYSTEM IPP 092789-0

B.7 (Continued) SUS TRANSFORMER IMPEDANCES

SUS Transformer Impedances From Switchgear IA3

Current
SUS kVA ImJ0edance Value X/R

percent

SUS IAI2
AQCS Control Building 1,500 7°94 8.94

SUS 1A13
AQCS Contro~ Building 1,500 7.7 8.94

SUS CI0
Limestone Preparation 1,500 7.9 8.94

SUS IA14
Fabric Filter Building 1,500 8.0 8.94

NOTE: Impedance values are in percent on transformer kVA rating.

SUS Transformer Impedances From Switchgear 1B3

Current
SUS kVA Impedance Value X/R

percent

SUS IB12
AQCS Building 1,500 7.92 8.94

SUS iBl3
AQCS Building 1,500 7°94 8.94

SOS IB14
Fabric Filter Building    1,500 7.86 8.94

NOTE: Impedance values are in percent on transformer kVA rating.

Original
Impedance Value
percent

I0

I0

i0

I0

Original
Impedance Value
percent

IO

I0

io
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1.0 INTRODUCTION

This report presents the results of the fast transfer tests conducted

at the Intermountain Generating Station on November II, 1989.

IPP 022890
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2.0 SUMMARY

2.1 SUMMARY OF IMPORTANT INFORMATION

Four fast transfer tests were made to verify that the variable fre-

quency induced draft fan drives would remain operating during a fast trans-

fer of the 6.9 kV switchgear power source bus from one source to another.

In addition, various auxiliary electric system data were recorded for com-

parison to the previous Auxiliary Electric Expansion Study.

The induced draft drives remained in operation during each test with

no significant change in operation. Westinghouse was present and

supervised the recording of data during the test.

The 6.9 kV auxiliary electric system data were analyzed and the alter-

nate source breaker closure was quicker than estimated by the study, re-

suiting in higher recovery voltage and lower inrush currents. It is

expected that the proposed reserve auxiliary electric system will exhibit

more conservative recovery voltages than estimated by the study.

2.2 CONCLUSION

The tests support the viability of an auxiliary electric system fast

transfer scheme using the proposed reserve power source. The system per-

formance should be similar to that estimated by the previous study, but

recovery voltages are expected to be more conservative.

IPP 022890
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3.0 TEST

3.1 OBJECTIVES

The Intermountain Power Project intends to expand the auxiliary elec-

tric system by the addition of a reserve power source. A previous study~

Auxiliary Electric System Expansion Study, File No. 15119.42.0412, was made

to determine the feasibility and configurations of a reserve power source

which would allow a safe fast transfer of the auxiliary system load. The

study determined that a safe fast transfer is feasible, but recommended

that tests be performed to verify the response of the induced draft fan

variable frequency drives to a fast transfer.

Based on the study recommendations, the fast transfer tests were per-

formed to verify induced draft fan drive response. In addition, data were

collected to verify the auxiliary electric system response to the fast

transfer°

The test procedure was drafted by Black & Veatch and transmitted to

Intermountain Power Project by letter of October 6~ 1989~ File 15119.320.

The test procedure was reviewed and issued by Intermountain Power Project

as Fast Transfer Test, Rev 0, October 1989. The test procedure is included

in Appendix A.

The test included four fast transfers. The first test was to deter-

mine the effect of a fast transfer on only one ID fan drive power source.

The second test was to determine the effect of a fast transfer on the ID

fan drive exciter power source as well as the power source. The third test

was the same as the first except both ID fan drives" were transferred. The

fourth test was the same as test three~ except the primary air fan was

running. This was done to determine if the voltage and frequency of the

bus would be enhanced by the primary air fan’s contribution.

3°2 DATA

Data were recorded at the variable frequency drives and at the

6,900 volt switchgear with recorders. The manufacturer of the drives,

Westinghouse, determined the drive parameters to be recorded~ and a service

IPP 022890
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representative was present during the test. The drive data were recorded

on an ASTRO-MED recorder and are included in Appendix B.

The data recorde~ at the 6~900 volt switchgear were recorded on an

ASTRO-MED recorder and a GOULD recorder. Two recorders were used for re-

dundancy. The recorder channel settings and recorded variables are listed

in Tables 3-1 and 3-2. The ASTRO-MED and GOULD recordings are included in

Appendix B.

In addition to the recorder data~ the swltchgear electric loads were

recorded prior to and after each test. These data are listed in Table 3-3.

3.3 ANALYSIS

The induced draft fan variable frequency drives did not open the drive

output contactor or trip the incoming power supply breakers during any of

the tests.

The lowest recorded 6.9 kV switchgear bus residual voltage was approxi-

mately 4,700 volts (0.68 per-unit [PU]). This is slightly less than the

0.7 PU value that was indicated by Westinghouse to be the pickup setting

for tripping the drive. Westinghouse has indicated that this is a delayed

trip~ and~ in this case~ it was demonstrated that the unit did not trip

during the four-cycle transfer.

Test 2 included transfer of the exciter power supply. The voltage at

the 6.9 kV switchgear Bus IAI which supplies power to the exciter dropped

to 5,091 volts (0.73 PU). The drive graph recorded during this test indi-

cates a change in gate firing angles which did not occur in any of the

other tests. In addition~ the fan drive trouble alarms actuated~ but

cleared. Westinghouse will provide a report on the test results which

should address these items.

Table 3-4 lists selected results derived from the recordings taken at

the 6.9 kV switchgear during each transfer test. The results for Test i

indicate that the differential voltage between the bus residual voltage and

the incoming source voltage is 0.40 PU. This value is less than the

1.33 PU requirement generally recognized as a safe motor transfer voltage

differential and the 0.73 PU estimated by the auxiliary electric system

study.

IPP 022890
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TABLE 3-1. FAST TRANSFER TEST ASTRO-MED RECORD

Channel Scale input Variable Variable
~ Channel and Ranqe Units and Ranqe Test 1 Test 2 Test 3 Test 4

~ 1 i0 V/Div Volts ±250 V Ins± Generator 1 6,900 V Swgr IAI Generator 1 Generator 1
~D 1250 V Ins± Bus Voltage Main Volts Bus Voltage Bus Voltage
~ (Note i}

10 V/Div Volts ±250 V Ins± 6,900 V Swgr 1A2 6,900 V Swgr 1A1 6,900 V Swgr IA2 6,900 V Swgr IA2
±250 V Ins± Volts Volts Volts Volts

2 V/Div Volts 150 V Inst Generator 1 - 6,900 V Swgr IA1 Generator 1 - Generator 1 -
±50 V Ins± Swgr IA2 Volts Main - Bus Volts Swgr IA2 Volts Swgr IA2 Volts

20 MV/Div Degrees 0-18 Deg Generator 1 - 6,900 V Swgr IA1 Generator 1 - Generator 1 -
+1 V Inst Swgr IA2 Volto Main - Bus Phase Swgr IA2 Volt. Swgr IA2 Volt.

Phase Angle Angle Phase Angle Phase Angle

1 MV/DiV Amps (0.01 ohm shunt) 6,900 V Swgr IA2 6,900 V Swgr IA2 6,900 V Swgr 1A2 6,900 V Swgr IA2
±25 MV Inst ±2.5 A Ins± Main Amps Main Amps Main Amps Main Amps

50 MV/DiV Amps (0.1 ohm shunt) Condensate 6,900 V Swgr 1A1 Belt Cony 18A Primary Air
±1,250 MV Inst ±12.5 A Inst Pump IA Amps Main Amps Amps Fan 2A Amps

5 MV/Div Amps (0.01 ohm shunt) Circ Water Circ Water Circ Water Circ Water
±125 MV Ins± ±12.5 A Inst Pump IB Amps Pump IB Amps Pump IB Amps Pump IB Amps

1 MV/Div Amps (0.01 ohm shunt) Forced Draft Forced Draft Forced Draft Forced Draft
±25 MV Inst ±2.5 A Inst Fan,iA Amps Fan IA Amps Fan IA Amps Fan IA Amps

NOTE i: Generator 1 bus voltage is equivalent to Swgr IA2 main source voltage (equivalent PT ratio 7200:120).



TABLE 3-2. FAST TRANSFER TEST GOULD RECORDER CHANNEL SETTINGS AND INPUTS

.Channel

1

2

4

5

Channel Scale and Range

I0 V/Div ±250 V Ins±

I0 V/Div ±250 V Ins±

i0 V/Div ±250 V Ins±

0.2 V/Div I0 V Ins±

2 MV/Div ±50 MV Ins±

50 MV/Div ±1,250 MV Ins±

5 MV/Div ±125 MV Ins±

5 MV/Div ±125 MV Ins±

Input Variable
Units and Range

Volts ±250 V Ins±

Volts ±250 V Inst

Volts ±250 V Ins±

Volts 0-180 Deg

Amps (0.01 ohm shunt)
±5 A Ins±

Amps (0.I ohm shunt)
±12.5 A Ins±

Amps (0.01 ohm shunt)
±12.5 A Ins±

Amps (0.01 ohm shunt)
±12.5 A Ins±

Variable

Same as for Astro-Med

Same as for Astro-Med

Same as for Astro-Med

Same as for Astro-Med

Same as for Astro-Med

Same as for Astro-Med

Same as for Astro-Med

Same as for Astro-Med
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TABLE 3-3. FAST TRANSFER TEST SWITCHGEAR LOADING

Test

Before
Transfer

After
Transfer

Switchqear IA2                          Switchgear IAI
MW MVARS AMPS RMS MW MVARS AMPS RMS

900

900

Before
Transfer 5 8 800 7 4 700

After
Transfer 5 8 800 6 4 600

Before
Transfer 5 10 1,000

After
Transfer 5 i0 1,000

Before
Transfer 6 12 1,100

After
Transfer 6 12 I,i00

NOTES=

1. During Test 2, Condenser Vacuum Pump IA and IB tripped, limestone conveyors
tripped, and ID Fans IAI and 1A2 had trouble alarms which cleared.

2. Data are from auxiliary electric panel meters.

IPP 022890
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TABLE 3-4. FAST TRANSFER TEST RESULTS DERIVED FROM RECORDER TRACES1

Test

At Reconnect~ T=0-
Tie Main ~V,
Bkr Bkr Bus Phase P.U. Bus Bus
Open Close Disconnect AV 2 Angle, 3 6.6 kV Volts Volts
Time Time Time V Rms Degrees Base Min Run
Hz Hz Hz kV Rms Rms

After Reconnect

Time to Main Main
V Run, Hz Amps Amps Main Amps
(Recovery Max~ Run~
Time) Rms Rms    Max/Min4

Channel 6 C.W. Pump ...
Amps, Amps,
Max Max

Amps Amps ~ Amps Amps,
Max L. R. Max L. R.
Rms Rms

1 Cond Pump IA
Swgr IA2 2.25 6.25    4 2.7 22 0.40     6.6    6.8    26 1,800    900 2 282 0.33 435 0.43

2 Swgr IAI Main Amps
Swgr IAI    2.5     6.25      3.75 2.8 22 0.42 6.6     6.9     26 2,863     636 4.5 2,863 -- 403    0.40

3 Belt Cnv 18A
Swgr IA2    2.25    6.5 4.25 2.9 22 0.43 6.5     6.9     26 2,250 1,000 2.25 172 1.06 424    0.42

4 PA Fan 2A
Swgr IA2 2.5    6.5     4 2.7 15 0.40     6.5    6.7    34 2,062 I,i00 1.87 601 0.31 413 0.41

F. D. Fan
Amps,
Max

Amps Amps,
Max L.R.
Rms

537 0.23

510 0.22

537 0.23

480 0.20

NOTE:

IAII voltages and current are converted from measured peak-to-peak value to actual rms value at switchgear voltage level.

2From Channel 3, checked against Channel i versus Channel 2.

3Determined from Channel i versus Channel 2. Channel 4 trace is not valid.

4Channel 5 trace not valid. Table data from switchgear loading-chart and Channel 5 max/min trace ratio, for Switchgear IA2 only.
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The low differential is primarily due to the alternate source breaker

closing time of 6.25 cycles resulting in 22-degree phase differential ver-

sus the studies’ estimate of a 9 cycle breaker closing time and 42 degrees.

The main breaker inrush current, 1,800 amps, was only two times the

running current and less than system rated current. The condensate pump,

circulating water pump, and forced draft fan motor inrush amperes were all

less than locked-rotor amperes by a considerable margin. These currents

are below levels required to prevent excessive motor torques.

The !ow inrush currents also account for the high recovery voltage of

6.6 kV. The system voltage stabilized at 6.8 kV after 26 cycles without

any sign of instability.

Test 2 showed similar results for the fast transfer of Bus IAI except

the inrush current is higher, but not excessive. This could be due to the

larger secondary unit substation loading which tends not to support voltage

and frequency of the system and, therefore, exhibits higher inrush currents

on re-energization.

Test 3 is similar to Test i, but shows the effect of the additional ID

fan drive reactive loading. The voltage differential increased, while the

phase angle remained the same. This loading caused a slightly higher main

breaker inrush amperes, but it is st~ll acceptable. The belt Conveyer 18A

motor inrush current to rated lock rotor current ratio was I:06. If the

1:33 volt/Hz guideline is utilized, the maximum ratio would be 1.33; there-

fore, this is acceptable.

Test 4 demonstates the effect of the bus increased inertia due to the

addition of the primary air fans to the running load of Test 3. The result

was a decreased phase angle difference and, consequently, a reduced voltage

differential and current inrushes. The main breaker current inrush

decreased eight percent from that of Test 3 as a result of the decreased

motor inrush currents.

During Test 2, the Condenser Vacuum Pumps IA and IB tripped. Review

of the schematics indicate seven trip actions possible: Seal Water Tem-

perature High, Seal Water Flow Low, Relay CR-IA dropped out, Relay A01

dropped out, the motor contactor dropped out, the motor overload relay

IPP 022890
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actuated, or the motor inrush current exceeded the breaker magnetic pickup

setting. Of these, the only potential trips under the fast transfer con-

ditions are Relays CR-IA or Relay A01 dropping out or a breaker magnetic

trip. It is doubtful that the relays would drop out due to the short dura-

tion of low voltage and the fact that many other relays would have dropped

out. The inrush could last long enough and contain adc offset not nor-

mally seen by the breaker to cause a magnetic trip. The breaker settings

should be increased as a precaution against future tripping.

These test results cannot be compared directly to the study because

the proposed reserve auxiliary electric system and transferred loads are

not identical to the test system and loads. Generalizations, though, can

be made. The test differential voltages and phase angles are less than

assumed in the study and the test inrushes were therefore less than in the

studies. Since the test system impedances are less than the proposed re-

serve auxiliary system impedances, recovery voltages proved to be greater

than estimated by the study. When a transfer to the new reserve system

occurs, the higher system impedance should result in a lower recovery

voltage and inrush currents than recorded in the tests. As a result, the

time to full voltage will increase since initial recovery voltage will be

less, causing a decrease in motor torque.

Overall, the proposed reserve system should result in recovery volt-

ages greater than the study estimates because the actual transfer time is

less than the estimated transfer time.
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FAST TRANSFER TEST

The primary purpose of the fast transfer test is to-insure that the
variable frequency induced draft fan drives will remain in operation
during a 6.9 kV power source transfer. During testing, additional
data will be gathered to verify conclusions of the Auxiliary Electric
System Expansion Study prepared by Black and ~eatch. The procedure for
this test was developed by Black & Veatch under the direction of LADWP
PD&C. Westinghouse was retained to provide consulting service on the
operation of the variable frequency drives.

TEST SET UP

Connect monitoring equipment for voltage and current signals to
the recorder in the 6.9 kV Switchgear Room.
A. Connect a temporary cable to synchronizing circuit in

IGTC-J~X-35 (Reference Sketch 15119.320-1). Work to be
performed by IPSC relay technicians.

B. Connect to potential transformer circuit in switchgear 1A1
cubicle 1 (main circuit breaker). Connection to be made to
existing terminal block. Work to be performed by IPSC relay
technicians.

C. Connect to current transformer circuit in Switchgear 1A2
cubicle 1 (main circuit breaker). Connection to be made to
existing terminal block. Work to be performed by IPSC relay
technicians.

D. Connect to current transformer circuits in Switchgear 1A2
cubicles 6,7,10,12,and 15 (FD Fan IA, PA Fan 2A, Condensate
Pump IA, Circulating Water Pump IB, and Belt Conveyor 18A).
Connections to be made on existing terminal blocks¯ Work to be
performed by IPSC relay technicians.                      ~

E. Connect ID Fan recording equipment to ID Fan IA variable
frequency drives. Requires a Clearance on drive links 1A1 and
IA2 ( links to be cleared one at a time to keep the ID Fan in
service). Clearance must include associated 6.9 kV circuit
breakers in Switchgear IA2.( Cubicles 2 and 3). Work to be
performed on 11/09 and 11/10/89 by IPSC electricians.

F. Perform test transfers of the Auxiliary Power as detailed in
the test procedure. Test to be performed from i:00 AM to 5:00
AM on 11/11/89. Start of test depends upon when the Unit 1
equipment becomes available for test.

Test #I
TEST PROCEDURE

Reference: Single line diagram (Sketch 1)
1. Verify with Operations that the 6.9 kV Bus is available for Fast

Transfer Test after the Unit comes off line. Pick up OK TO TEST.

FTT/1 rev 0 10/89
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2. Connect test panel lockout relay to Bus IA2 main and tie circuit
breakers.

3. Verify the inputs to the recorder are correct as indicated on the
CT and PT connection diagram.

4. Verify motor loads as indicated on the IA2 Bus loading chart.

5. Close Bus IA2 tie circuit breaker and open the IA2 main circuit
breaker. Verify the control switch is in "After trip position" and
not "Pull to Lock".

6. Verify that Westinghouse is ready to record test at ID Fan IA.

7. Count down to Westinghouse and then turn fast transfer test switch
to "ON".Verify recorders are running. There is a two second delay
allowing time to stop the test if necessary. Fast transfer test
panel trips Bus IA2 maintenance tie breaker and closes the main
circuit breaker simultaneously.

8. After bus transfer, watch recorder traces stabilize and turn
test transfer switch to "OFF". Reset lockout relay, clear tie
breaker alarms, collect and label test recorder data, collect fault
recorder data and reset fault recorder.

Test #2

References: Single line Diagram (Sketch 2)

1. Verify with operations that they are ready for test.

2. Connect test panel lockout relay to Bus IAI tie circuit breaker and
main circuit breaker.

3. Verify inputs to the recorders are correct.

4. Verify with Operations that. the motor loads are correct with the
loading schedule.

5. Close IA2 tie circuit breaker and then open the main circuit
breaker. Verify that the control switches are in the "After trip"
and not "Pull to Lock" position.

6. Close the IAI tie circuit breaker and than open the main circuit
breaker. Verify the control switches are in the "After trip" and
not in the "Pull to lock" position.

7. Verify that Westinghouse is ready to record test at ID fan IA.

FTT/2 rev 0 10/89

IP12 005323



Count down to Westinghouse and then turn the fast transfer switch
to "ON". Verify recorder is running. Two seconds~are allowed to
stop the test if necessary. Test panel simultaneously trips the
maintenance tie circuit breakers for bus IAI and IA2 and closes
the main circuit breakers.

o After bus transfer watch recorder traces until they stabilize and
turn fast transfer switch "OFF".

10. Reset lockout relay, clear circuit breaker alarms,collect and label
data, collect fault recorder data and reset fault recorder.

11. Remove connections to the Bus 1A1 tie circuit breaker trip circuit
and main circuit breaker close circuit.

Test #3 and 4

Single line diagrams (Sketches 3 and 4)

Follow the same procedure for test 1. Pay particular attention to
the bus loading. Test #3 adds ID fan IB to the load on the bus and
Test #4 adds both ID fan IB and PA fan 2A.

FTT/3 rev 0 11/89
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LEGAL NOTICE

This report was prepared by General Electric’s Power Systems Engineering
Department as an account of work sponsored by Los Angeles Department of Water
and Power (LADWP). Neither LADWP nor General Electric, nor any person acting
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EXECUTIVE SUMMARY

This report quantifies the IPP plant turbine-generator torsional duty due to ac and
dc faults. The torsional duty is caused by system faults, and subsequent unit and ac

tie line trips, in the presence of dc power controls that require constant dc power
over short periods following disturbances.

The objective of the study is to show the degree of improvement, in fault caused

torsional fatigue, resulting from three HVDC control approaches:

1. Bypass Pair Order (BPPO)

2. Converter Firing Control (CFC)

3. Fast DC Power Schedule Calculator (DC PSC)

The CFC and BPPO controls are designed to minimize generator transient power
reversal, at the rectifier, due to inverter commutation failure, caused by inverter ac
bus faults. The DCPSC control provides adc power demand signal which follows the

available ac power from the IPP generators power plus the tie line power. This
available ac power changes if a unit or the tie lines are tripped.

The investigation of mitigation methods to eliminate transient reverse power on the
IPP generators showed CFC to be ineffective, and BPPO to be quite effective in
reducing torsional response. -

The investigation of the fast ramp DC PSC proved that this technique is effective in
reducing fatigue for two unit operation where one unit is tripped following a fault.
The effectiveness of this method is limited, however, by the time delay in

communication with the inverter to initiate power reduction. On balance, the I)C

PSC is important and should be instituted as it is simple and effective. The fast
DCPSC application reduced the torsional duty on the order of 2:1.

For this study, the ac and dc faults simulated were chosen to produce maximum
torsional response at the turbine-generator. These cases are unlikely and may not

represent real plant operating conditions, but do represent potentially severe events.
As a result of studying worst case dc faults, it was found that modification of the DC
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restart time to delay restart, an additional 100 to 200 msec, is beneficial and reduces

the potential torsional duty from approximately 5% to 2%.

The DCPSC modifications, and the BPPO Control respond to different precursors of

transient torsional response of the IPP units. To be effective, both controls need to
be implemented.

Fatigue effects are cummulative, and the elements of the system and controls that
conspire to produce high torsional response are probabilistic in nature. There is
nothing in this report to help guide a decision for application of the controls based

on probability. High torsional response, however, can lead to coupling slip which
may lead to high vibrations and cause unit outage for rebalancing. The event
severity is deterministic and can be effectively controlled by the application of the

DCPSC modification and BPPO controls. To date, monitoring activity of the I~P
units has not indicated any actual events of the severity reported here.
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Section 1.

INTRODUCTION

This report provides information and conclusions on the impact of power system

faults and dc system operations on the torsional duty of the IPP turbine-generator

units.

This study work was prompted by the measurement of high torsional response and

high frequency of occurrence of events as recorded by the torsional vibration

monitor (TVMS) equipment installed on the IPP turbine-generators. These

observations were coupled with some projections that indicated very high level

response possibilities for certain kinds of two-unit operation. These projections

raised the question of the impact of other system events for which there was no

previous experience, such as dc faults and restart operations, especially when the

restart is unsuccessful, and repeated.

The expectation of high torsional response for turbine-generators when closely

coupled to dc transmission equipment is based on the high bandwidth of response
of dc controls to input errors, allowing fast changes of dc power demand, and the

consequence of maintaining quasi constant dc power operation under changing ac
supply system configurations.

Turbine-generator electromagnetic response allows an almost instantaneous
change of electrical torque to changes in system reactance. Turbine-generator

torsional dynamics will respond dramatically to such applied torque changes as a
consequence of their resonant and poorly damped mechanical characteristics.
These characteristics result from the distribution of inertia and stiffness of the

turbine and generator rotors and shafts, that produce very low natural frequency
resonance’s, with a high degree of coupling to the power system through the
generator.

The above mechanical and electrical characteristics combine to produce severe

torsional response and stress for multiple disturbances closely spaced in time. This
is because the response to an initial disturbance may not decay before a second
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disturbance is initiated. That is, a second or subsequent disturbance may double the
response of the first disturbance. The timing and direction of subsequent

disturbances is critical in the production of response doubling, more generally
described as response compounding.

One multiple disturbance that may be achieved, which produces high torsional
response, is the effect of an ac fault on the Mona or IPP ac bus. The subsequent
tripping of the ac ties, and an inadvertent sequential load rejection of both units

conspire to produce very high torsional response. This event is somewhat unlikely
because of the system design which includes a breaker and one half scheme at
Intermountain Generating Plant, and a double bus configuration for the Mona

lines. However, such an event serves to describe the potential effect of response
compounding, and the reason for, and value of instituting the Fast Ramp feature of
the DC Power Scheduling Calculator. In Figure 1-1, Unit one power and shaft torque

is plotted assuming worst case timing of events. The initial fault reduces the unit
power output almost to zero as a consequence of the loss of terminal voltage. The
power returns to near pre-fault values on fault removal. The fault is removed at a
time when the initial torsional response is a maximum and turning in the direction

that it would naturally move under the action of an external decelerating force.
This timing has the effect of doubling the response of shaft torque and stress. The
third event of additional decelerating force occurs on loss of the ac tie to Mona. If

this occurs when the natural response direction from previous events is in phase
with the direction caused by the new deceleration step, compounding will again

occur. This procedure may be continued for the timing of the unit two trip, another
deceleration, and finally for an acceleration on the trip of unit one. The above

scenario assumes that the DC power, after unit trip, quickly returns to prefault

values. T.he fast DC power scheduling controls change this to a reducing power
order on unit trip and beneficially reduces the potential for response compounding
in the post trip period. In actual simulations of this effect, Fast DCPSC application

reduced the torsional duty on the order of 2:1.

Similar response compounding effects are attributable to DC faults with multiple
unsuccessful restarts. These effects have been investigated and new longer delay
restart times have been established that reduce this torsional duty by a factor on the
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order of 2:1. These longer delays will also have the beneficial effect of reducing the
probability of unsuccessful restart.

While the effect of faults and DC power controls has been studied under selected

scenarios on a reduced order model of the plant and system, we expect that the same
beneficial effects of reducing torsional duty will appear in the actual performance of
the turbine-generators at the Intermountain Generating Station.
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Section 2

SUMMARY

2.1 SUMMARY OF RESULTS

The investigation of torsional duty was carried out by selection of a number of

known precursors of high torsional response, followed by an evaluation of these, as

single and multiple disturbances. The work was performed in a time simulation

environment that modeled the cycle-by-cycle performance of the dc converters and

direct phase simulation of the synchronous machine interface. This modeling

detail is required to provide an accurate assessment of the unit torsional duty. The

following precursors were evaluated:

¯ Three-phase ac faults at IPP

¯ Three- and two-phase ac faults at Adelanto

¯ DC faults with initial bipole operation

¯ Converter pole blocking

¯ Trip AC tie

¯ Trip one or two units

We have shown in Section 1.0 that the timing of events is important to subsequent
torsional duty. Thus, initial work concerned the evaluation of the time period

between events (such as fault application and removal, and pole block and restore)
to find those times that would produce the maximum torsional response. This work
was carried out with a series of short simulations just to the point where the

prospective response could be evaluated, to provide sensitivity data concerning
response to event duration. Sensitivity investigations were performed for the
following events:

¯ AC fault duration at IPP (three-phase)

¯ AC fault duration at Adelanto (three- and two-phase)

¯ DC fault/block and remove/unblock timing
¯ AC tie trip timing

¯ AC Unit 1 and 2 trip timing

2-1
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The above events were evaluated as single and multiple disturbances such as

multiple faults followed by cascading ac tie and unit trips.

For the multiple events a build-up of cases was required, optimizing each event
serially. A generic example of this is shown in Figure 2-1, showing the shaft torque

sensitivity to dc fault and restart duration. This example is illustrative only and is
not keyed to any specific dc fault case.

A summary of case results is shown in Tables 2-1 and 2-2, giving information on
torsional response as a function of the disturbances defined above. The limiting

shaft torque zero to peak oscillatory response, and the corresponding fatigue loss of
life is indicated. The loss of life reported is a prospective value based on the peak

torque level, and expected damping, rather than the calculated value. This is
because the dc controls are not tuned to mocl~l damping contribution at the

torsional frequency. The DC controls in this simulation model were not tuned to
adequately model the effects on torsional damping, and as modeled, appear to
overstate the damping. Also, for this same reason, the SSDC was not modeled, as it
must be tuned to the I-tVDC model itself. The HVDC model is, however, appropriate
for returning the peak torsional responses which are unaffected by expected
damping levels. This allows the evaluation of prospective fatigue based on expected
damping, eliminating the need for a more exact HVDC model, which was not
generally available, or held proprietary by the HVDC equipment manufacturer.

Each Table starts out with the worst case disturbance. We report the results for both
single and two unit operation as initial conditions.

The ac fault cases are divided into two and three phase faults as initiating events,
followed lq_pole blocking action for remote ac faults at Adelanto and loss of the
Mona ac tie. The case of unit trips following the disturbances is also investigated.
The remaining cases study the effect of additional controls which were added to
minimize transient power reversal, at the rectifier, due to inverter commutation

failure, caused by inverter ac bus faults. These additional controls are the rectifier
Bypass Pair Order (BPPO) and the Converter Firing Control (CFC) (see reference

[5]). In addition, a DC Power Scheduling Control (DCPSC) was studied which

provides adc power demand signal which follows the available ac generator power
plus ac tie power.
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Table 2-1

AC Faults

Case No.

AC2

AC3

AC4

AC5

AC6

AC7

AC8

AC9

AC10

AC11

DC Line
MW

No. of
Units
1760
2

1760
2

1760
2

1760
2

1760
2

1760
2

1760
2

1760
2

1760
2

1760

1760
2

* AC = Both Mona Lines

Fault
Duration

Cycles
Fault Type

and
Location

2.14
300, IPP

2.5
300, !PP

2.5
300, IPP

4.0
300, ADE

3.0
200, ADE

3.0
200, ADE

3.0
200, ADE

3.0
200, ADE

3.0
200, ADE

3.0
200, ADE

3.0
200, ADE

Trip
AC, *
2 GEN

AC,
2 GEN

AC,
2 GEN

AC

AC,
2 GEN

AC,
2 GEN

AC,
2 GEN

AC,
2 GEN

Additional
Controls

DCPSC

CFC

BPPO

DCPSC

DCPSC,
CFC

DCPSC,
BPPO

Worst
Case

Shaft §

Torque
z-P
2.12

2.03

1.83

.934

1.13

1.14

1.41

1.33

.877

§ Worst Case Shaft is 4 (LPB-LPC), see Figure 3-5.

% Damage
1.6

1.3

.8

.03

.08

.08

.02

.32

.25

.2

.02

2-4
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Case

DC1

DC2

DC5

DC Lines
MW

No. of
Units

1100
1

1100
1

1100
1

DC4    1100
1

DC5 1760
2

Table 2-2

DCFaults

Poles Faulted
and Location

Poles 1,2
IPP

Poles 1, 2
IPP

Poles 1,2
IPP

Poles 1,2
IPP

Poles 1,2
IPP

No. of
Restarts &
Duration in

Millisec.

2
107, 107

2
107, 107

250, 300, 350

I
22.5

3    t
250, 300, 350

Trip

AC*
1 GEN

AC
1 GEN

AC
1 GEN

AC,
1 GEN

AC,
2 GEN

Additional
Controls

DCPSC

Worst
Case

Shaft §
pu

Torque
Z-P

2.85

2.91

2.19

1.07

1.18

%
Damage

5.0

5.0

2.0

.08

.10

* AC = Both Mona Lines.

§ Worst Case Shaft is 4 (LPB-LPC), see Figure 3-5.

3~ Current restart Timings are 225, 325 and 425 ms.

2-5
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The dc fault cases apply the fault near the IPP plant, with the dc line in bipolar

operation. The effect of monopolar operation is studied by initiating the

simulation in bipolar mode and tripping one pole. The event severity in monopolar

operation was increased by tripping one or two units in addition to tripping the ac

tie.

The dc faults are not particularly severe torsionally provided the dc stays in bipolar

operation. This is because the other pole will rapidly pick up the load rejected by

the faulted pole. However, in monopolar operation the dc fault causes sudden

?ower reduction from the unit. The amount of the reduction is a function of the ac

system strength. Subsequent loss of the ac tie, increases the response and amplifies

subsequent disturbance effects such as additional dc faults, and unit tripping.

2.2 WORST CASE AC FAULT (AC1)

The worst case ac event, case AC1, is caused by an initial three-phase fault near IPP

with the sequential loss of the ac tie and both IPP units. The sequence of events is

important to the resulting torsional response. First, unit 1 responds to the fault,

and due to the ac trip and unit 2 trip, unit 1 is left on line transiently supplying all of

the dc power, as scheduled prior to the disturbance. Unit 1 trip from this condition

raises the fatigue loss of life to about 1.6% if the sequence of events is precisely

timed as shown in Figure 2-2. The shaft numbering scheme is shown in Figure 3-5.

The timing requirements for maximizing response, for operations occurring in the
first half second of an initiating disturbance, are dominated by the IPP unit mode
one torsional natural frequency. For a single mode response, that mode’s response

is maximized___ due to reversing disturbances, such as a fault, by a duration equal to an
odd number of half cycles of the torsional response. The corresponding modal

response, for non-reversing disturbances, such as fault clearing followed by ac tie or
unit trip, is maximized by a duration equal to an even number of half-cycles of the

torsional response modal frequency.

Because unit responses are multi-modal, rather than a single mode, timing for
response maxima is difficult to determine apriori especially since the disturbance

torques contain sinusoidal as well as unidirectional torque. Therefore, worst case

2-6
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timing for torsional response can only be found by simulation and iteration on the
duration between disturbances.

It is possible to conceive of even more difficult cases than described above by

consideration of transient initial conditions where the ac powerflow is higher than
normal due to power swing, and initiating the disturbances at the peak of such a

swing. However, this was not done in the present study. The simulated performance
of case AC1 is plotted in Figure 2-2, indicating response of generator electrical
torque, shaft torque in the limiting shaft, and generator speed. It can be seen that

conditions for maximization are only approximated by comparison with the
idealized response in Figure 1-1. The remaining plots for case AC1 are shown in
Section 5.1. Note that the responses for the IPP beta and the Adelanto beta and
gamma are essentially random after .3 second. This occurs because the IPP plant is

floating after .3 second. It is floating because the ac tie lines to Mona have been
tripped and both IPP generators have been tripped.

2.3 WORST CASE DC FAULT (DC1)

DC faults are reduced in impact because of blocking on the faulted pole and take
over by the unfaulted pole. These actions take place very quickly, generally faster
than the half period of a typical low frequency torsional mode. Thus, torsional
response does not build up appreciably. Another factor that controls torsional duty,
is the ac interconnection to Utah, which provides a power outlet path for the units

when the dc path is unavailable or reduced because of adc fault.

Based on the above reasoning, we expect that torsional response will be higher for
dc faults d__.u_ring monopolar operation, and increased further still as the ac short
circuit reactance to Utah is increased. Thus, the probability of a worst case dc fault
may be very small as it requires simultaneous outages of a dc pole, failure of the
Contingency Arming Scheme, and an initial ac tie trip.

Figure 2-3 presents the response of generator electrical and shaft torque, and speed
for single unit operation, resulting from dc faults with unsuccessful restart and

worst case timing. Figure 2-3 is a simulation with the ac ties tripped as a
consequence of the first dc fault during monopolar operation. Here we see that the
electrical torque averages zero during the fault providing maximum impetus to the

2-8
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unit. At the third fault the generator is tripped. The unit prospective fatigue is
about5% for this case.

Cases DC1 and DC2 are hypothetical and may not represent real plant operating

conditions. These cases were selected to give maximum torsional response at the

turbine-generator. Inspection of Table 2-2 shows that the DC PSC inclusion in case

DC2 offers no improvement compared to case DC1 (see Section 2.4). Case DC3 is

closer to realistic operation. After the DC3 simulation was made, the restart timings

were changed to 225,325 and 425 ms from the previous values of 250, 300 and 350 ms.

The response for the new timings will be different but should be similar to case

DC3.

2.4 ADDITIONAL CONTROLS

Additional controls were investigated to minimize generator transient power
reversal, at the rectifier, due to inverter commutation failure, caused by inverter ac

bus faults. These additional controls are the rectifier Bypass Pair Order (BPPO) and
the Converter Firing Control (CFC) (see Reference [5]). In addition, a DC Power
Scheduling Control (DCPSC) was studied which provides a dc power demand signal
which follows the available ac generator power plus ac tie line power.

BPPO -The bypass pair order is achieved by continuously gating a pair of thyristors

at the rectifier, essentially short circuiting or bypassing the dc poles, on sensing a
commutation failure at the inverter. The rectifier and inverter controls are

modified to hold certain alpha and gamma conditions. The control changes are
shown below:

Rectifier

¯ SeVbypass thyristor firing on sensing simultaneous low dc pole
voltages, i.e, when Vdc -< .2 pu. Set 0~ max = 90°. Set ~t min = 85°.

¯ Reset bypass and 0t max, 0t min if Idc < .05 pu for more than
.05-seconds.

¯ Reset bypass and 0~ max, 0t min if time since set is greater than
.25-seconds.

2-9
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Inverter

¯ Set "~ = 17°, when Vdc -< .5 pu

¯ Reset ~/when Vdc > .5 pu

CFC - The converter firing control approach is an alternate to BPPO.
less effective.

are:

However, it is
The CFC attempts to keep cz _= 90° during a transient. The changes

If simultaneous low dc pole voltages are sensed, i.e., when Vdc -< .2 pu then
set c~ min = 65° for .022 seconds. Following this, ramp c~ rain to 100° over
.04 seconds and hold until reset.

¯ Reset ~ min ifIdc <.5 pu.

DCPSC - The dc Power Schedule Calculator provides a dc power demand signal
which follows the available ac generator power plus ac tie line power. A block
diagram of the control is shown in Figure 2-4.

At the left side of the diagram, the inputs are the electrical power of units 1 and 2 in
per unit and the ac tie power in MW. These are summed together and passed
through a filter with a 10 second time constant. This filter smoothes the electrical

power fluctuations and eliminates the instability of inter-area oscillations caused by
fast dc power controls.

The filter output is combined with two ramp generator outputs to create DC Power
Demand. When a unit is tripped, the ramp generator creates a ramp starting at

0 MW and increasing to a saturated value equal to the unit’s load level in MW. The
ramp time is 85 ms. Thus, when a unit is tripped (or the ac tie is tripped), the dc
power demand-is reduced to reflect the actual available power. The actual logic used

is more complex and involves the use of "fast ramps" and =slow ramps", etc. This
will not be discussed here.

The fast balancing of dc power demand and available ac power is ultimately limited

by the actual speed of dc power reduction. There is a delay of .045 seconds on dc

current order reduction, due to communication channel delay with the inverter.

This delay is simulated in the current order control, Figure 3-6.
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Figure 2-4. Fast DC Power Schedule Calculator. (Simplified Diagram - Actual
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AC Fault Cases (DCPSC) - The DCPSC was investigated in two different scenarios: a

50 fault at IPP and a 20 fault at Adelanto. The 30 fault cases are AC2 (without DCPSC)
and AC3 (with DCPSC). It is seen from Table 2-1, that the worst case zero to peak
shaft torque and damage are reduced by using the DCPSC. Thus, the DCPSC is a

beneficial improvement. The improvement is due to the reduction in electrical

torque and dc line MW after generator 2 is tripped at .1986 seconds.

The 20 fault cases are AC8 (without DCPSC) and AC9 (with DCPSC). Table 2-1 again

shows that the worst case zero to peak shaft torque and damage are reduced by using

the DCPSC. The reduction is smaller in this case. The improvement is due to the
reduction in electrical torque and dc line MW after generator 2 and the ac tie are
tripped at .1929 seconds.

DC Fault Cases (DCPSC) - Two dc cases were investigated: Case DC1 (without
DCPSC) and Case DC2 (with DCPSC). Case DC1 was chosen to investigate the effect

of DCPSC, because it was the worst case of previously simulated dc fault cases. It is
seen from Table 2-2, that the worst case zero-to-peak shaft torque and fatigue are
unchanged by using the DCPSC. The reason for no improvement by DCPSC action

is because it is really only effective for two unit operation. The AC tie line trip at .21
seconds could have had some effect; but the 10 second filter time constant blocked
the delta MW from appearing in the dc power demand output. Obviously the DCPSC
will not affect the result for single unit operation because it takes effect only after

unit trip. With no units left on line it can have no further effect on unit
acceleration power and torsional response. Other dc fault cases, especially with two
unit operation would show value in the use of DCPSC. Unfortunately, there were no

event simulations of this type in any of the previous work.

Inverter AC F~ult Cases (BPPO) - BPPO was investigated in two different scenarios:

a 20 fault at Adelanto without DCPSC and with DCPSC. The cases without DCPSC are

AC5 (without BPPO) and ACT (with BPPO). Table 2-1 shows that the worst case zero

to peak shaft torque and damage are significantly reduced by using the BPPO. Thus,

the BPPO is a beneficial improvement. The improvement is due to the smoother

response of electrical torque and dc line MW during the 20 fault interval from .02 to

.07 seconds. Note from the plots shown in section AG7 that the IPP a=90° (~=90°)

during the fault interval. The plots in section AC5 show that the IPP ct=130° (13=50°)

during the fault interval.
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The cases with DCPSC are AC9 (without BPPO) and AC11 (with BPPO). Table 2-1
shows that the worst case zero to peak shaft torque and damage are reduced by using
the BPPO. The improvement is due to the smoother response of electrical torque
and dc line MW during the 2~ fault interval from .02 to .07 seconds. Note from the
plots shown in section ACll that 0~=90° (13=90°) during the fault interval. The plots
in section AC9 show that 0t=130° (13=50°) during the fault interval.

The differences between the two cases is largely due to the action of BPPO, and only

slightly affected by DCPSC. This is expected because of the short period, between

tripping unit 1 and 2, where half of this time was taken by the 0.04.6 sec inverter

communication delay for current order reduction.

AC Fault Cases (CFC) - CFC was investigated in two different scenarios: a 2� fault at

Adelanto without DCPSC and with DCPSC. The cases without DCPSC are AC5
(without CFC) and AC6 (with CFC). Table 2-1 shows that the worst case zero to peak
shaft torque and damage are essentially unchanged by using the CFC. This
indicates that the CFC is ineffective. Inspection of the plots in sections AC5 and
AC6 indicates no improvement in the electrical torque and dc line MW responses
during the 2¢ fault interval from .02 to .07 seconds. We also see that 0~=130° (13=50°)

during the fault interval.

The cases with DCPSC are AC9 (without CFC) and AC10 (with CFC). Table 2-1 shows
that the worst case zero to peak shaft torque and damage are reduced only slightly by

using the CFC. Again, this indicates that the CFC is ineffective. Inspection of the

plots in sections AC9 and AC10 indicates no. improvement in the,electrical torque

and dc line MW response during the 2@ fault interval from .02 to .07 seconds. We

also see that 0t=130° (13=50°) during the fault interval.

2.5 CONCLUSIONS

The findings of this investigation show that system operation using hypothetical

worst case disturbances may produce approximately 2% fatigue loss-of-life for ac
fault cases and approximately 2% for realistic dc fault cases. The torsional responses
are a function of the dc power scheduling controls that allow constant power
operation of the dc line over short periods of time following disturbances, such as
ac and dc faults,- ac tie trips and unit load rejections.
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Generally, single unit operation is worst for fault events, while two unit operation is
worse for events involving unit trip of both units. 3~ faults at IPP produce a higher
worst case zero-to-peak shaft torque and fatigue than 2~ faults at Adelanto. The
Adelanto faults are moderated by the ac tie at IPP.

Although the worst case torsional duty is significant, the probability of experiencing
these hypothetical disturbances is relatively low. These events require an initiating

fault, followed by some unfortunately timed subsequent events of ac tie trip or unit
trip action. These timings are, however, not unique and there are many
opportunities during multiple events, to experience torsional response
compounding. :

Prospective worst case torsional duty prior to instituting control modifications
represents onerous duty. At these levels the responses are close to coupling slip
levels, while at higher levels, stress conditions are no longer linear with response;
and fatigue predictions are no longer accurate. Occurrence of either, may induce
high lateral vibrations due to coupling slip and/or shaft kinking which may be

sufficient to require unit realignment in order to return the unit to service. The
DCPSC modification and/or restart timing reduce the prospective fatigue by about
2:1, a beneficial effect.

The DCPSC allows the dc power demand to approximately follow the available ac

power. DCPSC was found to be effective at reducing the torsional response and
could usefully be implemented. Similarly, the BPPO was found to be effective at
reducing the torsional response and transient power reversal. It should also be

implemented. The effectiveness of DCPSC modification in reducing torsional
response is limited to events during two unit operation. Because of communication

delays, in in~Ei~ter controls, the DCPSC modification effectiveness is limited to
events that evolve from a single unit trip to a subsequent event in time periods of the

order of 0.1 seconds and longer. Opportunities for response compounding for
subsequent events in this time period are many, and no controls investigated here
are effective in these cases. However, there appear to be many situations that would
be helped by the DCPSC modification including IPP and Adelanto ac faults, or dc
faults. This modification should be implemented. The transient power reversal at
the rectifier during inverter ac and dc faults is not affected by the DCPSC. Transient

power reversal acting alone is not an onerous duty torsionally, however, it can add
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significantly to an event that involves unit tripping from two unit operation. BPPO,
however, was found to effectively reduce overall response for these cases, especially
for those events where timing prevents DCPSC from being effective.

The worst fault cases for IPP units are dc faults, especially when there are multiple
unsuccessful restarts. Each unsuccessful restart produces a new torque pulsation
with transient power reversal, which increases the torsional response dramatically.

These cases will obviously be moderated significantly if the transient power reversal
is eliminated.

The CFC was found to be ineffective and should not be studied further.
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Section 3

DESCRIPTION OF TORSIONAL ANALYSIS MODELING

The torsional analysis consists of the time simulations plus the torsional fatigue

calculations for each case. The modeling of the time simulations is described in

this section, while the fatigue calculation is discussed in Section 4.

3.1 TRANSMISSION SYSTEM AND LOAD FLOW

The time simulations were made using GE’s MANTRAP Program (Machine And

Network TRAnsients Program) [1]. This program is based upon the Electro-
Magnetics Transients Program (EMTP) where GE has added its own synchronous

machine modeling. In particular, MANTRAP uses excitation system, power system
stabilizer, and governor controls coded in FORTRAN. The torsional response data
is interfaced to the fatigue program through a file of shaft torque maximums and

minimums which is read by the fatigue program and used to calculate stress and
strain. Following an electrical system disturbance, the torsional system alone is
modeled for an extended time period to simulate the decay of oscillations after the
electrical torque stimulus has disappeared.

The system modeled in detail is shown in Figure 3-1. The model consisted of the
machines in the Intermountain, Huntington Canyon, Emery, and Bonanza stations,

along with the 345 kV interconnecting ac transmission system. The dc line from
Intermountain to Adelanto was also modeled. The model of this area was chosen to
be large enough to maintain the critical power flow and dynamic system
characteristics_in the vicinity of Intermountain, while also being small enough to

permit simulation with the MANTRAP program. This detailed network was
connected to an equivalent of the surrounding power system as shown by the dotted
line network in Figure 3-1.

The system model was derived from a 1750 bus, 2800 line, and 411 machine data set
provided by the Western Systems Coordinating Council. The model reduction

process involved retaining the integrity of the transmission system in the vicinity of
the Intermountain station, and aggregating the surrounding system into a series of
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interconnected dynamic equivalents. This reduction was performed using the

dynamic equivalencing program, developed partially by GE and partially by the
Electric Power Research Institute (EPRI). The resulting system model, shown in

Figure 3-1, has seven dynamic equivalent machines and loads representing:
Southern California

Northern California

Bonneville Power Administration

Utah

Wyoming and Montana

Colorado

Arizona

In the actual system, transformers exist at some of the $45 kV buses with

connections to transmission lines at lower voltage levels. The system model used
for the study included equivalent impedance representation of the lower voltage

transmission, but, for clarity on the diagram, these are not shown in detail. Loads
were represented as positive sequence, constant impedance load models.The

Gonder-Mona line was not modeled.

3.2 INTERMOUNTAIN UNITS I AND 2

The Intermountain turbine-generators were the study units. The generator

electrical circuits, rotor torsional systems, and excitation systems were represented
on these units.

The Intermountain generator electrical modeling was based on data (rated current)

provided by_GE’s Steam Turbine-Generator Department. The generator was
simulated using the detailed MANTRAP (Jackson-Winchester) model shown in
Figures :3-2 and :3-:3. A simpler model based on stability data is also shown for

comparison. Saturation was also modeled on these units. The GENERREX
excitation system for these units was modeled as shown in Figure :3-4.

The torsional model and mode shapes for the Intermountain unit are shown in
Figure 3-5. The torsional spring and mass data is given in Table 3-1.
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Detailed MANTRAP
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Figure 3-2. Direct Axis Equivalent Circuits and Data.
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Detailed MANTRh!~

.0031 .146

Stator 1.748"
2.58

00125~

05521 0595

0035~ 0966

Stability Data

.0032 .15
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.00932 0146

.319 10614

Fiffure 3-3. Quadrature Axis Equivalent Circuits and Data.
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Table 3-1

Intermountain Torsional System Data

Polar Moment
of Inertia Turbine StiffnessPower
(LBM IN2) Fractions (LBF IN / RAD )

J1 4.457 E6 .29 K12 618.4 E6

J2 7.741 E6 .29 K23 999.6 E6

J3 27.17 E6 .14 K34 1451. E6

J4 27.17 E6 .14 K45 1446. E6

J5 27.76 E6 .14 K56 1341. E6

J6 42.74 E6

The Intermountain unit is rated at 991 MVA, 3600 RPM (two poles).

The values of mechanical torsional damping used in the simulations were

determined by experience and knowledge of measured torsional damping during
tests on units of similar design and construction. The machines at Huntington
Canyon, Emery, and Bonanza were represented electrically by using stability data for
these machines. The inertia effects were included with a single mass representation
of the rotor system. Torsional dynamics were not modeled.

3.3 DC LINE MODEL

The dc line from IPP to Adelanto ~as modeled and included in the GE MANTRAP

simulation. The HVDC converter model simulates a 12-pulse thyristor bridge with

snubbers and valve arrester, three-phase converter transformer including saturation,

and a smoothing reactor. GE HVDC controls were used. The controls were

modified to match the ASEA data supplied by LADWP. For example, a block

diagram of the modified frequency controller is shown in Figure 3-6. In this
diagram, the processor time delays T1 to T4 were added. The upper path (FC) which
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Block Diagram of Frequency Controller, Revised to Include Processor Time
Delays.
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calculates delta power Ap from delta frequency Af is always present. The lower path
(CFC), which includes a proportional plus integral control, is used only when the

plant is in islanded operation (i.e., no ac tie lines). The maximum operation and
time delay of T4 seconds in the current order (AI) path allows instantaneous
transmission of current order increases but delays current order decreases by T4

seconds.

3.4 UNMODELED SYSTEM FEATURES

The simulation model used for this study of torsional duty is not faithful to all

features of equipment and controls present at the Intermountain Generating Plant
and HVDC switching station. This has been indicated elsewhere in this report

concering the HVDC Subsynchronous Damping Control (SSDC), because of the lack
of a suitable model to represent the long-term high frequency dynamics of the
HVDC equipment. Similarly, the details of the Contingency Arming Scheme for the

effect of power surges on the status of the Utah lines was not modeled explicitly.
Instead, the fault scenarios studied, assumed that it may have operated. The SMF
torsional relays were also not modeled. These relays are mostly tuned to detect
unstable torsional oscillations, and to trip for exceptionally severe torsional
transient events. Where unit tripping was a factor in torsional response, trip times

were chosem to maximize response. The actual trip could be from almost any cause,
and the timing of such an event cannot be established on a deterministic basis.
Hence, the use of worst cases for trip timing.

We believe the study model to be adequate for the intended purpose, namely, to
establish the peak transient torsional duty following a disturbance with worst case
timing, and to evaluate the prospective torsional fatigue improvement of HVDC

control m_9.o_difications, and restart timing.

3-10

IP12 005417



Section 4

DESCRIPTION OF TORSIONAL FATIGUE CALCUI~TIONS

4.1 FACTORS AFFECTING TORSIONAL RESPONSE AND FATIGUE

With the switching of transmission lines in the vicinity of a power plant, the
turbine-generator is exposed to a torsional disturbance which is related to the

magnitude of the angle difference across the switched line, the change in power
transfer impedance to other generators, the loading of the study unit, and the level
of power flow in the transmission system. The disturbance may cause either a
sudden increase or decrease in the power output of the generator and therefore a

sudden change in the average electrical torque, causing it to either accelerate or
decelerate. This stimulates the torsional modes of oscillation, causing oscillating
shaft torques as the accelerating energy is converted back and forth from kinetic
energy of the inertias to potential energy of the shaft springs.

The elements of importance to evaluation of fatigue of turbine- generator shafts are:
(1) an adequate representation of generator electromagnetic torque response to
disturbances in the power system, (2) the translation of these applied torques to the
torsional mechanical system to calculate shaft torques, and (3) evaluating shaft

torque reversals to calculate fatigue loss of life for each shaft for each case.

The torsional response and fatigue of the turbine-generator to electrical
disturbances is dependent upon several factors. These factors include:

1. Unit load

2. System- strength

3. Generator and power system electrical parameters

4. Torsional system mechanical parameters and damping

5. Shaft diameters

6. Stress concentration factors

7. Shaft material characteristics.
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The unit load prior to the disturbance affects

acceleration of the unit after the disturbance.

normally when the unit is operating at full power.

the initial magnitude of the

The worst torsional fatigue is

The system strength in terms of voltage support defines the unit decelerating power

after the disturbance. The torsional mechanical parameters of inertia and stiffness
affect the shaft torque response. The unit torsional damping affects the rate of
decay of the torsional oscillations and hence the number of cycles of shaft torque
that contribute to fatigue. Shaft diameters, Stress concentration factors, and shaft

material properties are involved in the translation of the shaft torque history to
stress and strain responses for determining the shaft fatigue.

4.2 FATIGUE CALCULATION METHODOLOGY

For this study, some of the above parameters were varied (within reasonable limits)

to determine the worst case fatigue for the cases considered. A wide variety of cases
were studied. The range of these cases is indicated below:

¯ Three-phase ac faults at IPP.

¯ One or two IPP generators on-line.

¯ DC faults on Pole 1 at IPP. Pole 2 was allowed to operate normally.

¯ Two-phase ac faults at Adelanto.

¯ Trip ac tie lines to IPP plant. Trip IPP generators 1 and 2.

¯ Loss of dc Pole 2 followed by dc faults on Pole 1 at IPP.

These ca~-~-are more fully described in Section 5.

In general, the entire electrical and mechanical system was simulated for 1.0 second.
At this time, the electrical torque stimulus to the torsional system is well defined.

The torsional system solution was then extended to 10 seconds to allow the torsional
oscillations to decay with the mechanical torsional damping. The electrical torque

stimulus for the extended time solution is "filled in" to approximate the power
swing oscillation, with the average value returning to the prime mover torque level.
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As a result of the initial full simulation and the extended torsional simulation, a
history of the shaft torques for a 10 second window has been developed. The next
step is to convert the shaft torques to fatigue loss of life for each case.

The fatigue evaluations provided in this report are based generally on the analytical
procedures of Reference [2]. The material data used has been developed by
extensive testing upon small diameter shafts as described in Reference 1"3]. The
actual data used included size effects for larger diameter shafts. The strain versus
cycles to failure data for the -2~ point (at-2 standard deviations from the mean) of

the fatigue probability curve was used for the case evaluations.

There are two fatigue procedures that have generally been used by GE for the
analysis of torsional fatigue. They are the =nominal method" and the "local
method." For each method the name reflects the means by which concentrated
stress conditions are estimated from the applied shaft torques.

In the nominal method, the concentrated stress conditions are inferred from the

relationship between the "smooth bar" and the "notched bar" fatigue results. In the
local method, a modified Neuber’s rule is applied to estimate the concentrated

strain conditions from the applied shaft torques. For the work presented in this
report, the local method was used, as it reflects the data available for the
Intermountain unit and is the preferred method of analysis.

The Intermountain torsional system data was analyzed using GE’s TORsional

ANalysis (TORAN) program. Refer to the torsional system diagram, Figure
Note that there are six masses and five shafts. All five shaft fatigues are calculated by

the fatigue program. However, one or two shafts will have higher damage levels
than the others, and these represent the worst case. In this case, TORAN analysis
indicated that Mode 1 with f = 14 Hz had Shaft 4 as the limiting shaft. The shafts are

numbered from left to right, so Shaft 4 is between LPB and LPC. TORAN also
produces a fault duration resonance indicator analysis which indicates the shaft

torque sensitivity to torque pulses of varying lengths (in cycles of 60 Hz). The shaft
torque is per unitized on its endurance torque and plotted versus cycles (see Figure
4-1). On a curve of shaft torque versus cycles to failure, the torque at 107 cycles to

failure is the endurance torque. It is the smallest torque level where shaft fatigue
damage starts to occur. Figure 4-1 indicates that Shaft 4 is the worst case shaft with
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response maxima at 2.17- and 6.55--. Both of these times were used in the MANTRAP
simulations. The maximum fatigue damage occurred for a fault length of 2.17-.

This time corresponds to one-half cycle of 14 Hz = .0557 seconds.

The fatigue procedure as described relates only to the estimate of fadgue for a single
loading cycle in terms of percent loss of life. The estimate of life loss due to fatigue
for a complex loading history includes a linear damage summation law for
individual loading cycles to arrive at the total esdmate for the case. The loss of life

for a complex loading cycle history is based on the procedure of "range pair cycle
counting" [4]. This cycle counting procedure pairs reversals of shaft torque loading
on the basis that the resulting stress-strain trajectory in the concentrated region
form closed loops. For the complex loading history of Figure 4-2, the pairing
sequence of reversals would be as indicated in Figure 4-:3 using the range pair cycle

counting method. In this method, the fatigue is history dependent since the
highest reversal pair must be found before any other pairs can be determined. This

history dependence is not generally a problem for the damped periodic torques of
the turbine-generator shaft caused by shock loading.

For the reversal sequence depicted in Figure 4-:3, each cycle defined by a closed loop
has an associated mean stress and strain as well as a cyclic or alternating stress and
strain. The effect of mean stress and strain on cyclic fatigue for local uniaxial

analysis has been accounted for by modifying the alternating stress range via Smith’s
equation in Reference [4]. The effect of mean stress and strain were not included

here since the local torsion analysis method was used in this study.
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Figure 4-3

Stress Strain Response During an Irregular Load History.
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4.3 SHAFT FATIGUE ENDURANCE LIMIT

The p.u. shaft torque versus cycles to failure (NF) curve for the worst case Shaft 4 is
presented in Figure 4-4. The pu torque versus NF curves for the other shaft sections
have similar shapes. Failure means the point of crack initiation in the shaft. The
endurance limit torque for Shaft 4 is the torque value at NF = 107 cycles. From

Figure 4-4, this is seen to be 0.5949. Table 4-1 shows the endurance torques for all

five shafts.

Table 4-1

PU Endurance Torque
Shaft No. (0 ~o Peak)

1 .2376

2 .4579

3 .5949

4 .5949

5 .6299

The torque level shown represents a zero to peak torque. For an oscillating torque,
the zero to peak value can be taken to be (Maximum Torque - Minimum
Torque)/2.0.

The total % damage = E 100/NF, where the summation is over all the closed stress-

strain loops shown in Figure 4-3. Thus, for one small stress-strain loop

corresponding to a .5949 pu torque level, the damage contribution is (NF=I.E7):

100% Damage = 1.E7 .00001%

A torque level smaller than .5949 p.u. will also have .00001% damage. However, from

Figure 4-4, one loop of a 2.2 pu torque oscillation would contribute (NF = 10):
100/10 = 10% damage. Thus, the damage increases very fast as the pu torque level
increases.
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Section 5

CASE RESULTS

5.1 AC FAULTS

AC1 Two Generators, Three-Phase Fault at IPP, Trip AC and Both

Generators (ACF2GT)
Two generators. 1760 MW on dc line, 800 MW on generators l and 2, 160 MW on ac

line.

Events:

1. Three-phase fault at IPP at .02 seconds.

2. Clear fault at .0557 seconds.

3. Trip ac tie at .1271 seconds.

4. Trip generator 2 at .1986 seconds.

5. Trip generator 1 at .3057 seconds.

39-92C-J 5-1
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IPP TORSIONAL STUDY, 3 PHASE FAULT AT IPP .02 TO .0557 SEC.
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AC2 Two Units, 3~ Fault at IPP, Trip AC & Both Units (ACF2GT)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac

line.

Events:

1. 2.5 cycle, 3~ Fault at IPP from .02 to .0617 sec.

2. Trip ac tie at .1271 sec.

3. Trip generator #2 at .1986 sec.

4. Trip generator #1 at .3057 sec.

39-92C-J
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AC2 3 PII FAULT@ IPP, 1760 MW DC LINE, 800. MW GEN I & 2
MONA TO IPP=I60 MW, TRIP:. AC TIE, GEN 2 & GEN I

CASE ACF2GT, FIGURE
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¯ ¯
AC2

IPP TORSIONAL STUDY, 3 PHASE FAULT AT IPP .02 TO .0617 SEC.
CASE ACF2GT, #23 ,1760 MW ON DC LINE, 800 MW EACH GEN 1 & 2,
MONA TO IPP=160 MW, TRIP: AC, GEN2 & FINALLY GEN 1
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AC2 3 PH FAULT@ IPP, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP=I60 MW, TRIP: AC TIE, GEN 2 & GEN 1

CASE ACF2GT, FIGURE
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AC3 Two Units, 3~ Fault at IPP, Trip AC & Both Units Plus DCPSC
(ACF2GT)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac
line.

Events:

1. 2.5 cycle, 3~ fault at IPP from .02 to .0617 sec.

2. Trip ac tie at .1271 sec.

3. Trip generator #2 at .1986 sec.

4. Trip generator #1 at .3057 sec.

39-92C-J

IP12 005434



AC3 3 P|t FAULT @ IPP, 1760 MW DC LINE, 800 MW GEN ! & 2
MONA TO IPP=I60 MW, TRIP: AC TIE, GEN 2 & GEN I

CASE ACF2GT, DCPSC, FIGURE
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¯ ¯
AC3

IPP TORSIONAL STUDY, 3 PHASE FAULT AT IPP .02 TO .0617 SEC.
CASE ACF2GT, #29, DCPSC ,1760 MW DC LINE, 800 MW
GEN i & 2, MONA TO IPP=I60 MW, TRIP: AC, GEN2 THEN GEN 1
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AC3 3 PH FAULT @ IPP, 1760 MW DC LINE, 800 MW GEN I & 2
MONA TO IPP=I60 MW, TRIP: AC TIE, GEN 2 & GEN i

CASE ACF2GT, DCPSC, FIGURE
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AC4 Two Units, 3~b Fault at Adelanto, Trip AC (ACF2GB12T)

Two generators. 1760 MW on dc line, 800 MW each generator 1 & 2. 160 MW on ac

line.

Evenm:

1. Four-cycle, 3~ fault at Adelanto from .02 to .0867 sec.

2. Block dc poles 1 & 2 at .04 see., unblock poles 1 & 2 at .15 sec.

3. Trip ac tie at .22 sec.

39-92C-J

IP12 005438
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AC4 3 PH FAULT @ ADELANTO, 1760 MW DC LINE, 800 MW GEN I
MONA TO IPP--160 MW, BLOCK POLES I & 2, TRIP AC TIE

CASE ACF2GB 12T, FIGURE
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AC5 Two Units, 2~ Fault at Adelanto (ACF2GBI2)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2.
line.

160 MW on ac

Events:

1. Three-cycle, ~b B to ~ C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 sec., unblock poles 1 & 2 at .15 sec.

39-92C-J

IP12 005442



AC5 | &2Ptt B TO Ptt C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN
MONA TO IPP=I60 MW, BLOCK POLES i & 2

CASE ACF2GB 12, FIGURE
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AC5
IPP TORSIONAL STUDY, PH B TO PH C FAULT AT BUS VICVX
CASE     ACF2GBI2, #22, 1760 MW ON DC LINE, 800 MW
EACH GEN 1 & 2, MONA TO IPP=I60 MW, BLOCK POLES 1 & 2
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AC5 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN I & 2
MONA TO IPP--160 MW, BL(K2K POLES 1 & 2

CASE ACF2GB 12, FIGURE
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AC6 Two Units, 2¢p Fault at Adelanto Plus CFC (ACF2GB12)

Two generators, 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac
line.

Events:

1. 3 cycle, ~ B to ~ C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 sec., unblock poles 1 & 2 at .15 sec.

39-92C-J

IP12 005446



AC6 I & ~PH B TO Ptt C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN

MONA TO IPP=160 MW, BLOCK POLES I & 2

CASE ACF2GB 12, CFC, FIGURE
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AC6
IPP TORSIONAL STUDY, PI! B TO PH C FAULT AT BUS VICVX

CASE    ACF2GBI2, #28, CFC, 1760 MW ON DC LINE, 800 MW
EACH GEN 1 & 2, MONA TO IPP=I60 MW, BLOCK POLES 1 & 2
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AC6 &2PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1
MONA TO IPP=I60 MW, BLOCK POLES 1 & 2

CASE ACF2GB 12, CFC, FIGURE
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AC7 Two Units, 2~b Fault at Adelanto Plus BPPO (ACF2GBI2)
Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac

line.

Events:

1. 3 cycle, ~ B to ~ C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 sec., unblock poles 1 & 2 at .15 sec.

39-92C-J

IP12 005450



AC7 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP=I60 MW, BLOCK POLES I & 2

CASE ACF2GB 12, BPPO, FIGURE
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AC7
IPP TORSIONAL STUDY, PH B TO PH C FAULT AT BUS VICVX
CASE    ACF2GB12, #27, BPPO, 1760 MW ON DC LINE, 800 MW
EACH GEN 1 & 2, MONA TO IPP=I60 MW, BLOCK POLES 1 & 2
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AC8 Two Units, 2~ Fault at Adelanto, Trip AC & Both Units
(2PF2GB 12T)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac
line.

Even~:

1. 3 cycle, 0 B to 0 C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 see., unblock poles 1 & 2 at .15 sec.

3. Trip ac tie & generator 2 at .1929 sec.

4. Trip generator 1 at .3 sec.

39-92C-J

IP12 005454



IP12 005455



AC8
IPP TORSIONAL STUDY, 2 PH FAULT AT BUS VICVX,

CASE 2PF2GBI2T ,|30, 1760 MW DC LINE, 800 MW ON G1 & G2,
MONA TO IPP=I60 MW, BLOCK P1 & P2, TRIP GI,G2,MONA
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AC8 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP=I60 MW, BLOCK POLES 1 & 2, TRIP GEN 1 & 2 & MONA

CASE 2PF2GB 12T, FIGURE
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AC9 Two Units, 2~p Fault at Adelanto, Trip AC & Both Units Plus
DCPSC (2PF2GBI 2T)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac
line.

Events:

1. 3 cycle, � B to � C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 sec., unblock poles 1 & 2 at .15 sec.

3. Trip ac tie & generator 2 at .1929 sec.

4. Trip generator 1 at .3 sec.

39-92c-j

IP12 005458
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AC9
IPP TORSIONAL STUDY, 2 PH FAULT AT BUS VICVX,
CASE 2PF2GBI2T ,#31, DCPSC, 1760 MW DC LINE, 800 MW ON G1
& G2, MONA TO IPP=160 MW, BLOCK P1 & P2, TRIP G1,G2,MONA
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AC9 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP=I60 MW, BLOCK POLES I & 2, TRIP GEN 1 & 2 & MONA

CASE 2PF2GB 12T, DCPSC, FIGURE
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ACI0 Two Units, 2~b Fault at Adelanto, Trip AC & Both Units Plus
DCPSC & CFC (2PF2GBI2T)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2. 160 MW on ac
line.

Evenm:

1. 3 cycle, O B to �0 C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 sec., unblock poles 1 & 2 at .15 sec.

3. Trip ac tie & generator 2 at .1929 sec.

4. Trip generator 1 at .3 sec.

39-92C-J

IP12 005462



AC10 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP=I60 MW, BLOCK POLES 1 & 2, TRIP GEN 1 & 2 & MONA

CASE 2PF2GB 12T, DCPSC, CFC, FIGURE
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¯ ¯ ¯
ACIO

IPP TORSIONAL STUDY, 2 PH FAULT AT BUS VICVX,
CASE 2PF2GBI2T ,|33, DCPSC, CFC, 1760 MW DC LINE, 800 MW ON
G1 & G2, MONA TO IPP-160 MW, BLOCK P1 & P2, TRIP GI,G2,MONA
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ACt0 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP--160 MW, BLOCK POLES l & 2, TRIP GEN l & 2 & MONA

CASE 2PF2GB 12T, DCPSC, CFC, FIGURE
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AC1 1 Two Units, 2t~ Fault at Adelanto, Trip AC & Both
DCPSC & BPPO (2PF2GBI2T)

Two generators. 1760 MW on dc line. 800 MW each generators 1 & 2.

line.

Events:

1. 3 cycle, ¢~ B to 0 C fault at Adelanto from .02 to .07 sec.

2. Block dc poles 1 & 2 at .04 see., unblock poles 1 & 2 at .15 sec.

3. Trip ac tie & generator 2 at .1929 sec.

4. Trip generator 1 at .3 sec.

Units Plus

160 MW on ac

39-92C-J

IP12 005466



AC11 PH B TO PH C FAULT AT VICVX, 1760 MW DC LINE, 800 MW GEN 1 & 2
MONA TO IPP--160 MW, BLOCK POLES 1 & 2, TR1P GEN 1 & 2 & MONA

CASE 2PF2GB 12T, DCPSC, BPPO, FIGURE
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AC11

IPP TORSIONAL STUDY, 2 PH FAULT AT BUS VICVX,
CASE 2PF2GBI2T ,~32, DCPSC, BPPO, 1760 MW DC LINE, 800 MW ON
G1 & G2, MONA TO IPPmI60 MW, BLOCK P1 & P2, TRIP GI,G2,MONA
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5.2 DC Faults

DC1 One Generator, Bipolar DC Fault at IPP with Restarts, Trip AC
and One Generator (DCF1GBI2T)

One generator. 1 lOG MW on dc line, 840 MW on generator 1,260 MW on ac line.

Events:

1. Fault/block pole 2 at IPP at .02 seconds. Lose pole 2.

2. Trip ac tie and fault/block pole 1 at IPP at .21 seconds.

3. Remove fault/unblock pole 1 at .3171 seconds.

4. Fault/block pole 1 at IPP at .4243 seconds.

5. Remove fault/unblock pole 1 at .5314 seconds.

6. Trip generator 1 and fault/block pole 1 at IPP at .6386 seconds.

39-92C-J 5-2
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DC1 IPP TORSIONAL STUDY, LOSE POLE 2
CASE # DCFIGBI2T, ii00 MW ON DC LINE, 840 MW GEN # i,
260 MW ON MONA LINE, BLOCK POLE i, TRIP AC TIE AND GEN 1
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DC2 One Generator, Bipolar DC Fault at IPP with Restarts, Trip AC
and One Generator Plus DCPSC (DCF1GB12T)

One generator. 1100 MWon dc line, 840 MW on generator 1,260 MW on ac line.

Evenm:

1. Fault/block pole 2 at IPP at .02 seconds. Lose pole 2.

2. Trip ac tie and fault/block pole 1 at IPP at .21 seconds.

3. Remove fault/unblock pole 1 at .3171 seconds.

4. Fault/block pole 1 at IPP at .4243 seconds.

5. Remove fault/unblock pole 1 at .5314 seconds.

6. Trip generator 1 and fault/block pole 1 at IPP at .6386 seconds.

39-92c-J
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DC2 IPP TORSIONAL STUDY, LOSE POLE 2

CASE DCFIGBI2T, #35, DCPSC, ii00 MW ON DC LINE, 840 MW GEN # i,
260 MW ON MONA LINE, BLOCK POLE i, TRIP AC TIE AND GEN 1
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DC2 POLE 1 DC FAULTS, 1100 MW DC LINE, 840 MW GEN 1
MONA TO IPP=260 MW, TRIP: AC TIE & GEN 1

CASE DCFIGB12T, DCPSC, FIGURE
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DC3 One Unit, Bipolar DC Fault at IPP with Restarts, Trip AC & One
Unit (DCF1GB12T)

One generator. 11 O0 MW on dc line. 840 MW on general~or 1,260 MW on ac tie.

Events:

1. Fault/block pole 2 at IPP at .02 seconds. Lose pole 2.

2. Trip ac tie and fault/block pole 1 at IPP at .1286 seconds.

3. Remove fault/unblock pole 1 at IPP at .3786 sec.

4. Fault/block pole 1 at IPP at .4857 sec.

5. Remove fault/unblock pole 1 at IPP at .7857 sec.

6. F-"’.It/block pole 1 at IPP at .9143 sec.

7. Remove fault/unblock pole 1 at IPP at 1.2643 sec.

8. Fault/block pole 1 at IPP 8,: trip generator 1 at 1.4143 sec.

39-02C-J
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DC3 POLE 1 DC FAULTS, 1100 MW DC LINE, 840 MW GEN !
MONA TO IPP=260 MW, TRIP: AC TIE & GEN !

CASE DCFIGB 12T, FIGURE
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DC3
IPP TORSIONAL STUDY, LOSE POLE 2
CASE | DCFIGBI2T, II00 MW ON DC LINE, 840 MW GEN # i,
260 MW ON MONA LINE, BLOCK POLE 1, TRIP AC TIE AND GEN 1
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DC4 One Unit, Bipolar DC Fault at IPP With Restarts, Trip AC & One
Unit (DCF1GBI2T)

One generator. 1100 MW on dc line. 840 MW on generator 1. 260 MW on ac tie.

Events:
1. Fault/block pole 2 at IPP at .02 seconds.

2. Fault/block pole 1 at IPP at .1286 sec.

3.

4.

5.

Lose pole 2.

Remove fault/unblock pole 1 at IPP at .3536 sec.

Fault/block pole 1 at IPP at .4786 sec.

Trip ac tie & generator 1 at .6214 sec.

39-92C-J
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POLE 1 DC FAULTS, 1100 MW DC LINE, 840 MW GEN 1

MONA TO IPP=260 MW, TRIP:. AC TIE & GEN 1

CASE DCFIGB 12T, FIGURE
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DC4
IPP TORSIONAL STUDY, LOSE POLE 2
CASE # DCFIGBI2T, II00 MW ON DC LINE, 840 MW GEN # i,
260 MW ON MONA LINE, BLOCK POLE I, TRIP AC TIE AND GEN 1
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DC4 POLE 1 DC FAULTS, 1100 MW DC LINE, 840 MW GEN 1

MONA TO IPP~260 MW, TRIP: AC TIE & GEN 1

CASE DCFIGBI2T, FIGURE
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DC5 Two Units, Bipolar DC Fault at IPP with Restarts,
Both Units (DCF2GB 12T)

Two generators. 1760 MW on dc line. 800 MW each on generators 1 & 2.
ac tie.

Events:

1. Fault/block pole 2 at IPP at .02 seconds. Lose pole 2.

2. Fault/block pole at IPP at .1357 sec.

3. Remove fault/unblock pole 1 at IPP at .3857 sec.

4. Fault/block pole 1 at IPP at .4814 sec.

5. Remove fault/unblock pole 1 at IPP at .7814 sec.

6. Fault/block pole 1 at IPP at .9071 sec.

7. Remove fault/unblock pole 1 at IPP at 1.2571 sec.

8. Trip generator 2 at 1.3786 sec.

9. Trip ac tie & generator 1 at 1.4857 sec.

Trip AC &

160MWon

39-92C-J
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DC5
IPP TORSIONAL STUDY, LOSE POLE 2
CASE DCF2GBI2T, 1760 MW ON DC LINE, 800 MW EACH GEN 1 & 2,
MONA TO IPP-160 MW, FAULT POLE 1, TRIP: AC TIE, GEN 1 & 2
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Appendix

CASE RENUMBERING SCHEME
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Old

5.3.7

5.3.11

5.3.8
5.3.10

5.3.9

5.2.9
5.2.12
5.2.15

5.2.10
5.2.11
5.2.14

5.2.13
5.2.16
5.2.17

5.2.19
5.2.18

New

DC1
DC2

DC3
DC4

DC5

Commcnt~

Worst Case

Same as DC1 + DCPSC

AC1

AC2

AC3

AC4

AC5

AC6

AC7

AC_,8

AC’9

AC10

ACll

Worst Case

Same as AC2 + DCPSC

Same as AC5 + CFC

Same as AC5 + BPPO

Same as AC8 + DCPSC
Same as AC9 + CFC
Same as AC9 + BPPO

A-2
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INTERMOUNTAIN POWER SERVICE CORPORATION

File:

December 21, 1992

b2084
01.03.01
IGS91-28

I
I

Mr. Bruce E. Blowey
Assistant Engineer - Operations & Maintenance
LADWP
Iii North Hope Street, Room 1255-C
Los Angeles, CA 90012-2694

I
I
!

Dear Mr. Blowey:

Capital Project IGS91-28 PA Fan Performance Review

Attached is our analysis of the operating performance of the
Primary Air Fans at the Intermountain Generating Station. We
recommend changing the nameplate rating on these motors in
accordance with a report provided by the motor manufacturer.
motor will be rerated to 5000/3200 HP.

The

I
I
I

Please review the attached.report and approve this package by
March i, 1993. If you have any questions or require additional
information, please have your staff contact Jon P. Christensen at
Extension 6481.

Sincerely,

S. Gale Chapman
President & Chief Operations Officer

I cc: Byron Fujikawa (2 copies)

I
I
I 850 West Brush Wellman Road, Delta, Utah 84624 / Telephone: (801) 864-4414 / FAX: (801) 864-4970
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INTERMOUNTAIN POWER SERVICE CORPORATION

CAPITAL PROJECT IGS91-28

91-97827-00 Date Dec 16,1992

PROJECT

APPROVAL

LADWP

DESIGN

REVIEW

INSTALLATION

PROJECT

CLOSEOUT

Title Change Rating on PA Fan Motors
(See attached capital project justification for scope.)

Budget Source:
Approved Capital Budget

Documentation Affected by This Project:
Summary of Relay Settings for the Intermountain Power
Project IGS Unit 1 and 2 pages 13 and 32

IPSC Pres. & CO0 Approval.

IPSC Contact Jon P. Christensen 3~ Ext.

Total Est. Costs: $7300 Scheduled Start

(Mtl. $5500 Labor $800 Engring.

PD&C Appvl. PO&M Appvl.

6481

Mar 1993

$1ooo

Tagging ’CONSTRUCTION’ update

Preconstruction Appvl (Oper.)

Work Pkg. to Planning (Engr.)

QA/QC Completion (QA/QC Engr.)

Startup Complete (IPSC Engr.)

Install. Complete (Planner)

As-Built Pkg to Engr (Planner)

Released to Oper. (IPSC Engr.)

Date

Date

Date

Date

Date

Date

Date

Date

Tagging ’AS-BUILT’ update

Closeout Complete(IPSC Engr.)

Project Complete(SGC)

Date

Date

Date

I
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INTERMOUNTAIN POWER SERVICES CORPORATION

DOCUMENTATION TRANSMITTAL FORM

I
I
I
I
I

TO: Mr. Bruce E. Blowey, PO&M, (w/o attach.) CAP. PROJ. #IGS91-28

COPY DISTRIBUTION: J.P.MUSTO, CMOB IPSC W.O. #91-87827-00

TITLE: Rerate PA F~an Moto~b            DA~D_ec 16, 1992

The following preconstruction drawings are attached for design
revieww and approval by LADWP.

ITEM i- CONSTRUCTION DRAWINGS

!
!

Rev. Markup
Dwq. No. No. DATE Print Size
Not Applicable

ITEM 2- MANUFACTURERS" DRAWINGS

Micflm
Aperture
Card Comments

i
!

Rev. Markup
Dwg. No. No. DATE Print Size
Not Applicable

Micflm
Aperture
Card Comments

ITEM 3 - INSTRUCTION MANUALS
i Instr. Man/Section/Page Directions and Comments

Not Applicable

I ITEM 4 - SYSTEM DESCRIPTIONS (INCLUDES TEXT, MARKED UP SKETCHES,
K-1000, El000, MI000 DRAWINGS AND llXl7 COPY OF P&IDS}.

I System System Title/PageCode Comments
Not Applicable

i ITEM 5 - POWRTRAK REVISIONS

!
!

Device No.
Not Applicable

Revised/ Screen
Deleted Prints Comments

I
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ASSOCIATED DOCUMENTATION FOR WHICH IPSC IS RESPONSIBLE:
(NOT TRANSMITTED)

ITEM 6- LOVELAND REVISIONS

Device No.
Not Applicable

Newl.
Revised/ Screen
Deleted Prints Comments

ITEM 7- TALYOR SOFTWARE REVISIONS

System Code and Title
Not Applicable

New/Revised Network Comments

ITEM 8- RELAY MANUAL UPDATES

Manual and Paqe Relay
Summary of Relay Settings
Intermountain Power Project
IGS Unit 1 and 2
pages 13 and 32

Comments
Replace existing pages
with new pages

ITEM 9- MISCELLANEOUS
Not Applicable

I
I
I
I
I

cc: CP IGS91-28    file w/ attachments
Doc.Trans.file (01.03.04) w/o attachments
Robert E. Gentner w/ attachments

I
I
I
I

IP12 005498



I
I
!
I
I
I
I
I
I
I
I
I
I
I
!
I

BREAKER
REFERENCE

NUMBER

SUMMARY OF
RELAY SETTINGS FOR

Intermountain Power Project

IGS Unit 1

8LAC~ & VF_ATC~
CONSULTING ENGINEERS
KANSAS CITY, NISSOURI

9255
6,900-Voi~ Unit Switchgesr IA2

SHEET NO. 13

MAOE BY DJS
DEUC[O. BY

OATE 06/12/87
PROJ. NO.~

DESCRIPTION

Device 50-1, ISGB-FAN-2A (Low Speed)
Phase Overcurrent Relay, Instantaneous
ITE 50D 238T3545
CTRatio: 50015
0.8-8 ampere pickup
1-30 second delay
Reference: IB 18.2.7-5E

Device 50151-1, ISGB-FAN-2A (Low Speed)
Phase Overcurrent Relay, Long Time Inverse
ITE 51IM 223T8541
CT Ratio: 500/5
2.5-5 ampere pickup (time)
2-20 times tap pickup (instantaneous)
Reference: IB 7.2.1.7-1 Issue A

Device 50-2, ISGB-FAN-IA (High Speed)
Phase Overcurrent Relay, Instantaneous
ITE ~0~ 238T3545
CT Ratio: 500/5
0.8-8 ampere pickup
-1-30 second delay

¯ Reference: IB 18.2.7-5E

Device 50151-2, ISGB-FAN-EA (High Speed)
Phase Overcurrent Relay, Long Time Inverse
ITE 511M 223T8541
CT Ratio: 50015
2.5-5 ampere pickup (time)
2-20 times tap pickup (instantaneous)
Reference: IB 7.2.1.7-I Issue A

Device 50G, ISGB-FAN-2A Ground
Overcurrent Relay, Instantaneous
ITE GR5 20ID6141UL
5-50 ampere pickup
Reference: IB 18.1.7-2 Issue H

Revised 5-5-92
Bv w~

RELAY SETTING

I NDUCTI ON

TAP TIME
OI AL

20 sec

5~0 amp 7

30 sec

5.0 amp 8

2 cycles

INST.

,4. I. x ra~
328 amp
primary

4.8 X ta

~x raci~

~ amp

( primary

8 x tap

5.0 amp
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I
I

8LACI( & VEATCH
CONSULT! N(i ENGINEERS
KANSAS CITY, XlS$OUll

9255
PROJ. NO.~

REFERENCE
NUMBER

SUMNARY OF

REI.AY SET’TINGS FOR
In~ermounuain Power Proj ec~

IGS Uni~ 1

6,900-Voi~ Unit Swi~chgear IB27

14AOE BY ~JS

OATE 06/12/87
Rev±sed 5-5-92
By WKC

OE$C21PTION

Device 50-1, ISGB-FAN-2B (Low Speed)
Phase Overcurrenu Relay, Insuanrmneous
ITE 50D 238T3545
CT Ratio: 50015
0.8-8 ampere pickup
1-30 second delay
Reference: IB 18.,2.7-5E

Device 50/51-I, ISGB-FAN-IB (Low Speed)
Phase Overcurrenu Relay, Long Time Inverse
ITE 51I~ 223T8541
CTRa%io: 50015
2.5-5 ampere pickup (~me)
2-20 tiams rap pickup (£nsrmnuaneous)

-~.Re£e~euce: IB 7.2.1.7-11ssueA

Device 50-2, ISGS-FAN-ZB (~i8~ Speed)
Phase OvercurrenU Relay, I~~o~
I~ 500 238T3545
~io: 500/5
0.8-8 ~ere pic~p
1-30 second delay
Reference: IB 18.2.7-5E

Device 50151-2, ISGB-FAN-2B (High Speed)
Phase Overcurrenu Relay, Long Time Inverse
ITE 511M 223T8541
CT Ratio: 500/5
2.5-5 ampere pickup (time)
2-20 times tap pickup (insuanuaneous)
Reference: IB 7.2.1.7-I Issue A

5.0 amp

RELAY SETTll6

liST.
INOOC11~:

TAP TIME"
DIAL

20 sec

5.0 amp

2 x ra~i

4.1 x ra’
328 amp

iprimary

*g
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SU~Y
Our analysis of the primary air fans indicate the most economical
solution to reducing outage costs associated with single fan
operation is to rerate the motors in accordance with
recommendations provided by the motor manufacturer, Westinghouse
Electric. Changing the nameplate rating of the motors from
4000/2100 HP to 5000/3200 HP will restore the capability of the
Primary Air (PA) System to support unit operation at 500 MWg (60%
maximum unit capacity) with a single fan in service. The existing
electrical system is adequate to support this revision with revised
protective relay settings.

PROJECT DESCRIPTION

The scope of Capital Project IGS91-28 included a review of the
design and operating performance of the Primary Air (PA) Fans and
recommendations for correction of any deficiencies.

The original design of the PA fan motors was changed during
contract negotiations to Westinghouse 2 speed motors to provide
auxiliary power savings during normal operation ( Appendix A-Black
and Veatch cover letter on PA fan report dated January 22, 1992).
The two speed Westinghouse Pole Amplitude Modulated (PAM) motors
provided by Babcock and Wilcox did not include with any overload
capability.

Since startup, the motors have operated slightly above original
nameplate values (183 amperes), during low speed operation, to
maintain acceptable PA System performance levels. This overload
operation has been required because of higher system pressures and
flows than originally specified in the design of the primary air
system and significantly lower fan efficiency.

The nameplate rating of the motors is 4000/2100 horsepower, 302/183
amperes (Appendix B-Westinghouse Induction Motor Data). We reviewed
the capability of these motors, with Westinghouse, to determine if
the slight overload condition would reduce the useful life of the
motor. Westinghouse agreed these motors could be operated at i0 to
15 amperes above nameplate on a continuous basis without loss of
useful life (Appendix C-Westinghouse letter dated September
14,1990). This review resulted in the existing operating limits of
302/200 amperes.

In discussing the capability of these motors with Westinghouse they
said they would have to perform a detailed design analysis to
determine the maximum rating available on these motors. We issued
a purchase order to have Westinghouse perform a design analysis and
determine the maximum capacity of the motor.     Westinghouse
determined the motor could be upgraded from 4000/2100 horsepower,
302/183 amperes 1.0 service factor to 5000/3200 horsepower, 380/265
amperes 1.15 service factor (Appendix D-Westinghouse report dated
February 25, 1992).

I
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Temperature rise of the stator winding when the motor is operating
at 5000/3200 HP is still expected to be within allowable limits for
class B insulation. Since rise is within class B, the thermal life
of the insulation will not be reduced from design.

In addition, during performance testing of these fans we have been
unable to achieve the original design capacity of 60% unit load
with one fan, in high speed,(Appendix E-Black and Veatch
Specification 62.3401 section) without exceeding the motor amperage
rating.

Based on our performance testing (Appendix F-Performance Test
11/4-5/89) and acceptance testing with Babcock and Wilcox (Appendix
G-Performance Test 1/18/89) the fans are not capable of providing
a significant increase in fan capacity, in high speed, without
exceeding the existing motor nameplate rating (302 amperes).

Review of the test data by the original equipment supplier, Babcock
and Wilcox, indicates the specified margins on fan performance
result in a fan efficiency that is unattractive in the normal
operating range and extremely inefficient at high speed. They
recommend a fan motor rated at 2700 HP at low speed. The
recommended motor rerate will provide a motor rated at 3200 HP at
low speed.

Testing with the fan manufacturer, Howden Sirocco, (Appendix
H-Howden Sirocco Test Reports) indicates a single fan is currently
only capable of 300 MWg (36% unit load) at either high or low speed
operation. Maximum fan capacity was determined by increasing the
load on the unit until the fan motor reached full nameplate
amperage limits.     Howden Sirocco indicates the additional
horsepower available from low speed to high speed operation is lost
because of inefficiencies associated with the position of the inlet
vanes during high speed operation and because the fan is
significantly less efficient than specified.

Other problems discovered during our review of the performance of
the PA Fans were incorrect warning and absolute alarm levels for
the motor stator temperature sensors and an incorrect setting for
the motor air filter differential switch. The motor stator alarms
have been changed to the setting provide by Westinghouse of 130 C
for warning and 135 C for absolute alarm.

The motor air filter differential air switch should be replaced
with a model having a range .5 to 1.0 inches of water. The new
switch should be set at .65 inches of water. The original setting
of .35 is no longer valid because of modifications made to the air
filters to provide for access without removing the motor from
service.

I
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Based on our review we compared the following options to determine
the costs of outages associated with PA fan motor failures.

OPTIONS

i. Operate the PA Fans at the present limits of 200 amperes low
speed and 303 amperes high speed. 300 MWg with single fan
operation. (Base Case)

2. Change the wheel and vanes on the existing fans to provide for
500 MWg (60% unit capability) with one fan in service. Motor
will be limited to high speed operation only with a maximum of
4000 HP. We estimated this option will increase auxiliary power
use 10% because of losses associated with high speed operation.
Increasing auxiliary power use increases the cost for this
option $1,850,000.

3. Rerate the motor to 5000/3200 HP 1.15 service factor
per the analysis performed by Westinghouse. New motor rating is
capable of providing unit operation at 500 MWg (60% maximum
unit capacity). No changes are being made to the fan efficiency
and consequently no changes to auxiliary power use during
normal two fan operation.

4. Replace the motors with new two speed motors capable of
840 MWg with one fan in service at high speed. No changes are
being made to fan efficiency and consequently no changes to
auxiliary power use during normal two fan operation.

5. Install variable frequency drives and new motors. Equipment
costs exceed assumed outage costs and auxiliary power savings
were not considered.

ECONOMIC EVALUATION

ASSUMPTIONS

i. Cost of money is 8 percent, extra cost of one unit lost
IGS generation is $i0,000 per unit, per hour.

2. Motor failures associated with windings and/or rotors
would require 4 weeks to repair. PA Fan motor failures
would result in a unit trip with a minimum of two hours
to return the unit to the full capability of unit
operation with a single fan.

3. Failures associated with the bearings would require 8
hours for replacement. Failures would progress slowly
enough to schedule the unit off line for repairs.

i
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4. Net output factor for each unit is 90% During
reductions in unit capability the other unit would be
loaded to maximum capacity.

5. There will be at least one motor failure and a bearing~
failure during the remaining life of the motors. Motor
life is assumed to match the useful life of the plant.

Based on our evaluation the cost for each option are broken down as
follows: (Costs for motor repair are assumed to be equal for all
options.)

OPTION Description     Outage Cost Installation Total
& Operation

1 Existing Oper. $3,031,429 $ None $3,031,429

2 New Wheels $1,412,381 $2,624,512 $4,036,893

3 Rerate Motor $1,412,381 $ 1,800 $1,414,118

4 New Motor $ 0 $2,134,000 $2,134,000

5 New Drives $ 0 >$2,400,000 >$2,400,000

I
I
I
i
I
I
I

We recommend increasing the rating on the PA fan motors in
accordance with the computer analysis performed by Westinghouse.
This recommendation is the most cost effective way to minimize
outage costs associated with PA fan failures.

We have reviewed the existing electrical system with Black & Veatch
(Appendix I-Black and Veatch report dated June 2, 1992 ) to
determine the system capability to support to the proposed
horsepower revisions to the PA fan motors. The existing power
cables and switchgear cubicles are adequately sized to handle the
proposed increase. The new high speed 1.15 service factor rating of
437 amperes exceeds the speed changer switch nominal nameplate
rating of 400 amperes continuous by 9.25% However, the switch
manufacturer, Esco has stated the switch can be operated at 440
amperes on a continuous basis with a slight increase in switch
losses. The protective relays settings will have to be changed to
accommodate the horsepower revisions.

Black and Veatch has also reviewed the increased loading on the
foundations associated with the proposed horsepower revisions. The
existing foundations are adequate for these changes.

i
i
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The alarm limits on the stator winding temperature RTDs should
remain the same to provide warning of thermal degradation of the
motor insulation. The alarm limits on the motor cooling air filters
should be revised to match existing site conditions. The alarm
limits on the motor current will be changed to the new horsepower
ratings. The Fox IA will be set to give a warning alarm at 265
amperes low speed and 380 amperes high speed. The absolute alarm
will be 304/437 to match the service factor ratings.

The motor ratings should be changed even if it is assumed there
will not be any motor or fan failures which lead to a unit derate.
The new ratings provide a greater capability for the PA Fans to
respond to disturbances without affecting the life of the motors.
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APPENDIX A
Black & Veatch Cover Letter dated January 22, 1992
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BLACK & VEATCH
8400 Ward Parkway, P.O. Box No. 8405, Kansas Ci,~/, M~ssouri 64114, (913) 339-2000

I
I
I

Intermountain Power Project
Intermountain Generating Station

B&V Project 15119
B&V File 802

January 22, 1992

iI

iI

iI

Intermountain Power Service Corporation
850 West Brush Wellman Road
Delta, UT 84624

Subject: Primary Air Fans

Attention: Mr. G. K. Hintze0
Working Group Chariman

Gentlemen:

At the request of the Inside Working Group, we have reviewed the
documentation included in Attachment A related to the recent tests of
the Primary Air Fans.

BACKGROUND INFORMATION

The following comments are offered based upon our review of the IPP
project files. Referenced documents are attached to this letter.

The Primary Air Fans were purchased using procurement
documents prepared by the Department of Water & Power for the
Steam Generators. Black & Veatch (B&V) offered comments and
suggestions to Department of Water and Power (DWP) to review
copies of the specifications prior to issuing the documents
to bidders. Attachment B is an example of the type of
comments offered to Ron Nelson and Doug Fowler of the DWP
during the review process.

The specification documents, we believe, are clear to Babcock
& Wilcox’s (B&W) design responsibility in procuring the
Primary Air Fans.

The original propo’sal contained alternatives for two-speed
fan motors as shown in Attachment C. B&V was requested to
evaluate the various offerings of B&W. This evaluation was

IP12 005513
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january 22, 1992

intiated by our internal memorandum dated June 4, 1981. Our
original evaluation of the Primary Air Fans was documented in
our memorandum of june 15, 1981. This memorandum is included
in Attachment D. Revised data sheets were provided by B&W in
their letter of June 24, 1981. This letter is included in
Attachment E.

As a result of our initial evaluation and discussions with
DWP engineers, we provided B&W our letter of June 26, 1981
indicating that their initial offering did not meet all of
the anticipated unit load points and requested a new two-
speed selection of the Primary Air Fans be offered for
consideration. This letter is included in Attachment F.

o

In response to our request, B&W offered their August 5, 1981
proposal for various two-speed fan alternatives. (This
proposal from B&W is included in Attachment G. ,

B&W’s August 5, 1981 proposal was evaluated by B&V in our
August 21, 1981 memorandum. This evaluation is included in
Attachment H. As indicated in the evaluation, there were
operating cost savings of $4,300,000 in the selection of two-
speed motors for the Primary Air Fans as compared to the
single speed design. This evaluation was performed using the
35 year load model provided by the Department of Water &
Power and expressed in 1986 dollars. The recommended fans
were approved by the Department of Water & Power and
incorporated into the B&W contract by Change Order.

Other historical background records noted inreview of our
files have been included in Attachment I.

The selection of the two-speed Primary Air Fans was intended to provide
fans capable of full load operation at low speed while burning design
Coal B with the following margins:

B&W Proposal Low Speed Design

Data DesiQn ReQ,_ Marqin

Primary Air Fan Flow
per Fan, Ib/hr

Primary Air Fan Static
Pressure, in. w.g.

804,500 889,000 11%

35.6 44.3 24%
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High speed operation of the Primary Air Fans would be required only if
one of the two Fans were out-of-service or if the above margins were
exceeded (e.g. excessive air heater leakage or pluggage) or the fuel
analysis was significantly different from design Coal B.

ANALYSIS

The following comments were noted in our review of the test data
provided by HOWDEN SIROCCO who has acquired the Westinghouse Sturtevant
Fan Division’s designs, and engineering and manufacturing facilities.

The Primary Air Fan flow at the low speed test condition was
295,000 acfm, thirty percent greater than the flow predicted
by B&W in their proposal and eighteen percent higher than the
specified fan requirements including margins.

o The performance test data and performance curves indicate
that low speed operation is 897 rpm. The B&W proposal data
sheets indicated operation at 876 rpm. This increase in
operating speed increases the fan flow capacity by 2.4
percent, the fan pressure capacity by 5 percent, and the fan
maximum power requirement by 7.4 percent.

Similarily0 the high speed operation recorded during the
tests is at 1,194 rpm compared to the B&W proposal data
showing 1,168 rpm. This increase in operating speed
increased the fan power requirements by 6.8 percent.

The actual operating speeds at low and high speed should be
determined by field measurement. The noted speeds of 897 rpm
and 1,194 rpm appear to be too close to synchronous speeds.

o Fan motors were procured by B&W as part of the steam-
generator contract. We concur with the HOWDEN SIROCCO
analysis that "there is no margin on motor power". Our
calculations indicate that, under the original performance
conditions, the motor rating should have been 2,350 hp at low
speed and 5,570 hp at high speed to allow operation with the
inlet damper vanes at their full open position.

Under the current operating conditions noted during the fan
testing, the motor rating should be 2,520 hp at low speed and
5,950 hp at high speed.

IP12 005515
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g We do not concur with the B&W evaluation that the selection
of two-speed fans was inappropriate or that the logic used in
sizing the fans was incorrect.

It is also our opinion that the fan silencer revisions did
not contribute significantly to the current problem as noted
by Babcock & Wilcox since the Primary Air Fan operating
pressure is currently below the Primary Air Fan low speed
design pressure capacity. The higher than predicted Primary
Air Fan flow condition is the major contributor to the fan
limitations.

RECOMMENDATIONS

An analysis is required to determine the optimum modifications based
upon actual unit operating parameters and an agreed upon load model.
recommend that this analysis be performed to determine if motor
replacement can be economically justified. The analysis would be
performed by Kris Gamble who was involved throughout the IPP draft
system design and assisted in the preparation of these comments. Mr.
Gamble’s involvement and knowledge of the forced and induced draft
system designs would offer a benefit to the project in determing the
proper solution for the operation of the Primary Air Fans.

We

We estimate this study could be performed at a engineering cost of
approximately $12,000 including 15 mandays of engineering and other
direct expenses. This estimate does not include any additional testing
of the fan systems. We do recommend that we meet with Howden Sirocco
and Intermountain Power Service Corporation (IPSC) to review the testing
that has been recently performed. This work could be performed under
the General Services Agreement which we submitted with our proposal for
the Induced Draft Fan Studies dated September 19, 1991 or under the
existing Agreement managed by the Department.
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We trust that the attachments will be beneficial in your understanding
of the background of the existing fan and fan motor selections. Please
contact Steve Rus0 Kris Gamble or me with any questions regarding the
sizing of the Primary Air Fans.

mg
Enclosures

cc: Mr. J~P~,~Christensen~ IPSC
Mr. R. E. Gentner - DWP
Mr. D. Glen - DWP
Mr. J. Nelson - IPSC

Very truly yours,

BLACK & VEATCH

Paul F. Bannister
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APPENDIX B
Westinghouse Induction Motor Data Sheet
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WESTINGHOUSE ELECTRIC CORPgRATION

Heavy Indusu=y Motor Division
Round Rock,    Texas      78664

INDUCTIOI~ MOTOR

I
I
I
!
I
I
!

i

Shop O~d-r:

Cust3m~r.

Phases: ~      Hertz:

Temp, Fi.~ ~: ~O    OC

Frame: @sO- l~i~ ?~

’~nperes : BO~I~ Service Factor

F,L. Speed: I11~’/~? RPM

By ~::=~,;’~t~1     Insulation Class :    ¯

Locked KVA Code:

S.F.

Performance

Lock~:d Ic, tor Curreut:

Starting Torque:

Tran,~ie-~t Reactance, X’d:

Speed

Circuit Constants

Per Unit on /    KVA Base

I Sub-l’ra ~.s.ent: Reactance, .X"d : ~;1~/,|~t’7~

Ope~ Ci ~c,’.it Time Constant, T’    do : ~’~/l~S_.~       ec

P;M Motors Only_

Switching Time Delay

I
Enginee c : Date :

i Appr~,va I : R~.vision Date :

I

Sec

FORM# ~]"iD- 297
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APPENDIX C
Westinqhouse letter dated September 14, 1990
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WestinEhouse
Electric Corporation

Heavy Industry Motor Pa~ts Support
Center

Box 185
Round Rock Texas 78680-0185
(512) 388 0116

I
I
I
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I
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September 14, 1990

intermountain Power Service Corp.
Route i, Box 864
Delta, Utah 84624
Attn: John Christianson

Reference: PAM motors S.O. 1667AA and 1668AA minor overload
operation

Dear Mr. Christianson,

These motors can be operated at 10 to 15 amperes above nameplate
rating on either speed without affecting the motor adversely.
There is sufficient mechanical and thermal margin to accommodate
these small increases in load on a continuous basis.

There appears to be significant thermal margin on these machines
but we would have to perform a study to determine the maximum
horsepower capability on the machines. There is a short term
problem with design program access now but the problem should clear
shortly and we will be able to quote a study.

Regards,

Duane McEachron

I

I

DM: jh
HIMSC370

I
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APPENDIX D
Westinqhouse Report dated February 25,1992

IP12 005522



TOR DATA

POWER SERVICE       .

MOTOR

General Order:

Motor Co. Shop Order 155_.~

!
i

Post Office Box 277
Round Rock, Texas 78680-0277
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WESTIINGHOUSE MOTOR COMPANY
ROUND ROCK, TEXAS

WMCENGINEERING REPORT
WMC-EER-92-002

I
I DATE: February 25, 1992

I
I

SUBJECT: Study to determine the maximum loading capability of the
machines supplied earlier on S.O. 1667AA-1668AA without
exceeding temperature rise up to ANSI/NEMA Class B.

I DISTRIBUTION: J. M. Lidell
R. J. Connolly

I
I
I

ABSTRACT: It has been found that the machines can be uprated from
4000/2100HP 6/8 poles, PAM, 1.0 service factor to
5000/3200HP, 6/8 poles, PAM, 1.15 service factor and can
operate without exceeding the ANSI/NEMA Class B temperature
rise limits.

I
i
I
I
I
I

APPROVED:

APPROVED:

Induction Engineering

M. K. Wen
Manager
Advance Design’&
Development Engineering

S. P. Bansal
Advanced Design Engineer

D. . Kosar
Staff Engineer
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OBJECTIVE:

The purpose of the study was to determine the maximum loading capability
within ANSI/NEMA Standard requirements of Westinghouse Motors supplied
under shop order 1667AA and 1668AA.

DESCRIPTION OF EXISTING MOTORS

4000/2100 HP, 6600V, 3 PH, 60 HZ, 1195/897 RPM, 9/Pr~ enclosure, 1.0
service factor, 80°C rise (by resistance). Frame size 8018/horizontal
induction motor.

Rated Amps
Starting torque
Pull out torque
Inrush

303/186 Efficiency
89/106% Full Load 96.32/95.82%
252/3’21% 3/4 Load 96.36/95.52%
1953~1352 Amps (643/728%)     1/2 Load 95.63/94.48%

Power Factor:

F.L. 89.2/76.9%
3/4 Load: 87.9/70.5%
1/2 Load 82.8/58.4%2

Machine was designed for 85% reduced voltage start, unloaded start per
Curve # 7-7-81-2 (Revision 2) and driven equipment load inertia 152185
LB-FT2.

LOADING CAPABILITY

The machine can be operated at 5000/3200 HP at 6 and 8 pole respectively
at 1.15 service factor, without exceeding the NEMA Class B temperature
rise limits.

Expected temperature rise at 5000 HP, 6P speed at 1.0 service factor is
70°C and at 3200 HP, 8P’speed at 1.0 service factor 46°C (by resistance)
at an altitude of 4700. ft. For this study it is assumed that machine
will be started unloaded per the earlier load curve #7-7-81-2 (Revision
2) and driven equipment load inertia is 152185 LB-ft2.

Performance data at both the speeds, which includes the nameplate
information is attached. Speed-torque curves and thermal limit curves
at rated voltage and at 90%, 85% reduced voltage start are attached.
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MECHANICAL CONSIDERATION

Many factors are taken into consideration when making a mechanical
design integrity evaluation of electric motors. The basis of this study
is the upgrading from ~000 HP to 5000 HP, 1.15 service factor, which is
a torque function. Therefore, only those features of the motors that
are torque related or dependent have been analyzed. The value of torque
that was used in the calculations was the highest anticipated torque a~
any of the operating conditions.

The torque that is developed in the airgap is transmitted to the
foundation through the stator core and to the driven equipment through
the rotor core and shaft. The following were analyzed:

Foundation Reactions
Stator Core-to-Frame Attachment
Rotor Core-to-Shaft Attachment
Shaft Fabrication Stresses
Bearing JournalShear Stress
Shaft ExtensionStresses

The new foundation reactions are given below.

Foundation Reactions per Bolt

Rated Torque MotOr Weight/4
Maximum Torque Motor Weight/4

+/- 2,270
+/- 18,000

i
I
I
I
I
I
I

CONCLUSION

Temperature rise of stator winding when motor is operating at 5000/3200
HP, S.F. 1.00 is still expected to be within class B. Since rise is
within class B, the thermal life of the insulation will not be reduced
compared to designed (nameplate) life at 80°C rise. Motor can be
operated at 1.15 service factor with temperature rise limits per ANSI.

The calculated stresses in the locations given above have been judged
acceptable for the new horsepower rating.

The foundation should’be reviewed for the additional loading created by
the increase in horsepower.

DISCLAIMER

The conclusion of this study is not to be interpreted in any way to
include warranties orassumption of any responsibilities or liabilities.

I
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~ESTINGHOUSE    MOTOR    COMPANY

I ROUND ROCK, TEXAS
%

~ T3MER ORDER NO. " .... - - DATE - FEB 25,92
LICATION FAN

S.J. 9.5155AA
G.3o XH20246

I DATA F]R WSRLD SERIES, HORIZONTAL, BRACKET TYPE INDUCTION MOTOR

I R&TINS

HkI~P 5003 HERTZ 60M FL i193 SERVICE FACTOR 1.15
- LTS .... 6600 ........... RISE C il. O0 SF) 80
AMPS FL 333 METH3D RES1 ~S~S 3 AMBIENT C 40

INSUL CLASS F
KVA CODE O
DUTY                CONTINUOUS

BRG T SLEEVE
LUBE TYPE
NO. ~RSS 2
ROT3R ~T L~S ¯

END PLAY INCH 0.50
MOTOR WK Sq 9576
LOAD WK SQ 152185
T3TAL WT LBS *

VALUES WITH (~) ARE GUARANTEED

85% VOLTS
40C

1612
424

15.4
48

69.5

59.3

L~O
% I 15

E IC IENCY    ~ 96 II ~

. 9’~ER    FACTJR    - ND~IINAL

75
96.49

50
96.16

./

R F-,CT..R "~"
< ~/~ "~ :     737

115
B~.2 ~9.1

"4AX ci p. ~_. : ~.= ~ --
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~ESTINGHOUSE’ ~OTOR    COMPANY

I ROUND ROCK, TEXAS U.S.A.

CUSTDMER INTEE>IDUNTAIN PDWER ....

I ST]MER ORDER
PLICAT!DN FAN

S.J.E~I55AA
~.3. XH202~6

DATE - FEB 25,92

DATA FOR WJRLD SERIES, HORIZONTAL, BRACKET TYPE INDUCTION MOTORI
iI Ra~TING

TS . 650~ ......... RISE_C_(I.OO SF)
AM~$ FL 265 METHOD RESI ASr-S 3 AMBIenT C ~0

INSUL CLASS F
KVA CODE E

~OUTY       CONTINUOUS

I MECHANICAL

FRAME 801,~ BRG TYPE SLEEVE E~D PLAY INCH 0.50

~
CL TYPE

~P-!_ LUB~ TYPE SELF MDTOR WK Sq 9576TATION (ODE)_ BI NO. BRGS 2 LOAD ~K SQ 152185ATOR ~T LDS     , ROTOR WT LBS * TDTAL WT LBS ,SHAFT EXTENSION $70

~z8 I897~83

STARTINS PERFORMANCE - NOMINAL~    VALUES WITH (~)    ARE GUARANTEED

-J

........................... IO0~_V.OLTS
!MPERATU~E 75C       40C
iPS (LR) 13~8     1352 1193 1115~PS .(LR) ~ 509 .... 511 ~51WER FACTOk % 15.1     1~o7 ’ 1#.~ART TORQU~~ ~ 71 70 55 ~8PULL-J~_~3R~UE_~ ..... 71 ...... 70 ..... 55 ~8I CELERATION ~ES 33.~ 46.0 55.&

SAFE LOCK     3EC FEOM _HOT 53.7

___~ IOO~ V~LTS:
LLOUT_~DRQUE

#’IEF~ICIE~CY - NOHI~AL

93.0

I AD ~ 115 i00 ’ 75 50FICIENCY ~ 96.13 _~6.30’ 96.36 95.89
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I NOUC T I ON MOT OR

_ CUSTOMER

I NEG ~5155AA
HP

~
PF 0.89

IL TOROUEiLB-FT}
LOAO ~K~(LB-FT

IoA o

( CALCULATED )’

INTERMOUNTRIN PONE,R

STARTING
AT 100%

VOLTS 6600
FL AMPS

22023

CHARACTERISTICS

LINE VOLTAGE

ENGINEER BANSAL

PH 3 HZ 60 POLES 6 RPM (FL] 1192

380 LOCK AMPS(%] 514 RPM (SYN] i2C~

LOCK TOROUE X] 71
152~85           MOTOR NKZ(LB-FT~I 9576        FRAME    8018

CURVE IVC CLOSED APPLICATION PRIMARY A!R FANi

-,---r--[ T , , , ’ ’ ’ IME(SEC I=........... , , ,, , nCc.~----~
~-~ , T

.... L__L ..... -’ ..... , ...... C--F- ~ ~ ~ ~ ~

.............................. F----F----I#’- l , l ’ ’

: __L__L__:___’_,_.-:--i ......... :---:~--~--÷ -:- : "
..... , ’ ’ ’ L L ,- -.---,---,- -,---’---’---’---"--I

.............................. --,~ T ¢ * , ’ ’

--~’--~--~--

.... ,    ~, ,,     _,~ __ ~’ __ ~’___’,___’,___L--L-- ’~-- ~

~ SO

20 ............................ "

5O

120

T

i00 150

240

200 250    7. TORQUE

480 600 Y. CURRENT

!
I
i

10

I
I MOTOR COMPANY ROUND ROCK, TEXAS
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INDUCTION MOTOR STARTING CHARACTERISTICS
I CALCULATED ] FIT     90 Y.    LINE VOLTAGE

N                                    ENOINEFRITERMOUNTAIN
CUoTOHER~_              PONER                             _    BANSA

H, 5000 VOLTS 6600 PH 3 HZ 60 POLES 8 RPM [FL)

m PF 0.89
~FLrAMPS 380 ,

LOCK RtlPS[7.) 454 RPN [SYNI

"L ROUEiLB-rT /?OL3 LOCK TORQUE[X) 55

i 0                    RYF~

1193
i~0"

TORQUE

CURRENT
O 50 I00 150 200 250    X

i 0 ~20 2~0 360 480 600 Z

I
I

WE S T I NGHOUSE MOTOR COMPANY ROUND ROCK, TEXAS
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I NDUC T I ON MOT OR ST FIR T I NO
(CFILCULFITED) FIT      85 X

CHRRRCTERISTICS

LINE VOLTFIGE

CUSTOHER iNTERMOUNTRIN POWER ENGINEER BRNSRL

NED ~6155RR
HP 5000 VOLTS 6600    P,H 3 HZ 60 POLES 6 RPM [FL) 1!93

PF 0.89 FL RMPS 380 LOCK RMPS[X} 424 RPM {SYN} 1200
TnDRH                             ~u~,~uE [ LB-FT ]    20023

~K2[’ B-FT21 152185
CURVE iVC CLOSED

i00

LOCK TORQUE[Z) 48

MO’TOR WKZ[LB-FTz] 95?8 FRRME 8018

RPPLICRTION PRIMRRY @IR

20 .....

J 50 100 150 200 250 X TORQUE

,J 120 240 360 480 600 X CURRENT

’7O

Z
w

ESTINGHOUSE MOTOR COMPIqNY ROUND ROCK,    TEXFtS
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T,I ME -
CUSTOMER:
2OO

CURRENT RND
INTERMOUNTAIN POKER

THERMRLLIMIT CURVES
ENGINEER: BIqNSAL

too

NEG25155AR 5000 HP
1200 RPM[SY’
1193 RPMtFL
6600 VOLTS
B PH 60 HZ

30
FL TORQUE
LOCK TORO
FL RMPS
LOCK AMPS
MOTOR NK2

LORD NK2

LOAD TO
IVC CL

2O

=22023 LB-FT
UE:lSSg? LB-FT ...... "

=380    AMPS
=195B RMPS
=9576 LB-FT 2!
=152185 LB-F

RQUE CURVE NO.
OSEO

PRIMRRY RIM FRN
I

100      200 BOO 400 500 600

WE S T I NOHOUSE MOTOR COMPIqNY ROUND ROCK,    TEXI4S
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I NOUC T I ON MOT OR
( CALCULATED )

CUSTOMER INTERMOUNTRIN PONER

STARTING
liT IOOX

CHIIRFICTERISTICS

L I NE VOLTAGE

LOAD

I A O

!
7O

!       ,,,

m 40

i ,,, 30

!
!

ENGI NEER BANSAL

NEG ~5155AA
HP 3200 VOLTS 8800
PF 0.82 FL AMPS 255

TOROUE[LB-FT) 18284
NK2(LB-FT21 152185

CURVE IVC CLOSEO

PH 3 HZ 60 POLES 8 RPH (FL) 895

LOCK AMPS(%) 510 RPH (SYN) 900

LOCK TOROUE[Z] 70

HOTOR WK2(LB-FT~] 9576 FRAHE 8018

APPLICATION PRIMARY AIR FAN

5O

120

I

100 150 200 250

240 360 480 600

TOROUE

CURRENT

I
WESTINGHOUSE

I
MOTOR COMPANY ROUND ROCK,    TEXAS

IP12 005534



ST INOHOUSE MOTOR COMPRNY ROUND ROCK,    TEXAS

IP12 005535



IP12 005536



I TIME -
CUSTOMER:

I
I
I
I
I
!

I
I
I
I
I
I
I
I

CURRENT FIND THERMAL LIMIT CURVES
5O0

400

300

200

tO0

8o

60

5o

40

3o

20

to

INTERMOUNTAIN POHER ENGINEER: BANSAL

.... , , NEG1-5155RA 3200 HP
~- .....

...... 895 RPM[ FL
’    ’    ’ ’ ;\ ’ ’ 6600 VOLTS
.... - ..... ...... -4-1’ ’ ’ ~                                  PH60 H
.... : \ ’ ’ 8018 FRAME

’ ’ 1 , I I VOLTS ACC.    TIME( SEC
, , , , , , A ] l O0 Z A ) 33.63
.... I. \\ , , B )90 Z B ) 48.03..... q ...... ~ ...... F ..... T -q--~ ..... ~ ...... F .....

MOTOR INITIALLY r -! .... --,’-
AT OPERATING ~ _j .... i_ L_ : "%-%._,    ,    ,    ,    ,

~ ~ ~ ~ 7~ ...... ~ .... i" ..... T ..... 7
TEMPERATURE ’ ’ ’ ’ ’ ’, ’, ’, ’,

@CCELER@TION TIME
VERSUS CURRENT

0

2

FL TORQUE    =18764 LB-FT
LOCK TOROUE=ISOgO LB-FT

FL AMPS       =2SS AMPS
LOCK AMPS =1352 AMPS
MOTOR NK2 =9576 LB-FT z
LOAD NKz =152185 LB-F

LOAD TORQUE CURVE NO.
IVC CLOSEO

PRIMARY AIR FAN
,

I00 200 300

J_ L

400 500 600
Z CURRE

NEST INOHOUSE MOTOR COMPANY ROUND ROCK, TEXAS

IP12 005537



CUSTOMER:

I ~00 ---7

i
I
I

400

300

CURRENTAND THERMBL
INTERMOUNTIIIN POWER

-RUNNING" OVERLORD

i~    LO0

I~I     8O

THERMAL L I M [ T
MOTOR INITIliLLY

RT RMBIENT
TEMPERliTURE

LIMIT CURVES
ENGINEER: BRNSliL

NEG?-5155RR

C

VOLTS
li) lOOY.
B ) 90Y.
C ) 85Y.

3200 HP
900 RPM(SYN
895 RPM(FL~
6600 VOLTS
B PH 60 HZ

8018 FRRME

TIME( SEC )
33.63
46.03
55.6O

’ ’ "~ RCqELE ’     ’, , RAT,[NO ,

,
-L

2o LOCK TOROUE--I:~O90 LB-FT| ......

i FL RMPS       ..265 RMPS              ,1        ,,

MOTOR HK2 =95’76 LB-FT

LOliD TORQUE CURVE NO.                  ,,

100 200 ~00 400 500

WESTINGHOUSE MOTOR COMPFINY ROUND ROCK,

I 7.’ CURi"
60O

IP12 005538
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APPENDIX E
Black & Veatch Specification 2010N Division G3 paraqraph 21.9

IP12 005539



DIVISION G3

Spec. 2010N
Revised May 29, 1981

EETAILED REQUIREMENTS FOR ITEM I

each rotating ~haft and complying with the requirements of the 1448
State of Utah shall be furnished for each coupling of each fan. 14~9

~he coupling g~ard shall be provided with a removable plate or 1450

other equivalent means for inspection and oiling.

21.8 sole Plate.s: Steel sole plates for each fan       1453
bearing pedestal shall be prow~ded. Bearing pedestals shall be 1454

bolted to the IPA foundation hy means of anchor bolts extending
through the sole plates.

21.9 Primary Air Pans: Primary air fans shall be       1457
provided a~ necessary for proper bc~ler operation. Kith one 1458
primary fan out of service the remaining fans shall be capable
of providing sufficient primary air to ~ermit boiler operation     ~459
~p to not less than .60 .percent~ Of..._Ma~imum CapaC~ty...with e~ch~
the specified coals. Test block performance of each fan with 1460
inlet boxes and silencers shall be greater than its expected
operating performance by not less than ~5 percent for weight 1461
flow, not less than 50 percent for static discharge ~ressure,
and not less than 25F for temperature at the plant’s elevation     1462
for each of the specified coals.

The primary air fans shall be of the full shrouded 1464

type with ~ackwardly cur%~.d airfoil blades ~nd shall be double 1465

width, double inlet. T_he fans shall have inlet boxes complete 1466

with silencers. An annubar and 2 thermocouples shall be 1467

provided in each inlet box for measurinu the primary air flow.

i The bearinus shall be of the self-aligning, split 1~69
sleeve type capable of withstanding hiqh thrust Icads due to any I~70
unbalanced forces on the fan wheel. The bearings shall be 1471

cooled with oil from the lubricatinq oil package specified
I herein. The bearin~ lubrication system shall be of the flow- 1472

through flood type.

!
!

An independent lubricating oil ~ackaqe shall be
furnished ~or each fan and ~otor unit. Each lubricating oil
package shall be capable of supplyinu the required amount of
lubricating oil to the fan and motcr bearings at test block
conditions.

1474
I~75

1476

Each package shall be complete with dual full-capacity 1478
I water-to-oil heat exchangers, dual full-capacity cil filters,

I~7g

and dual full-capacity pumps and motors. The filter shall be 1480

cleanable or replaceable without interrupting the oil flow. The 1481

I complete package shall be factory-wired, assembled, and mounted
on a common base. The packaged system shall be arranged and 1482

wired such that either pump may serve as the main supply pump

I _while the other pump serves as the standby pump. 1483

I G3-46

IP12 005540
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APPENDIX F
Performance Test 11/4-5/1989

IP12 005541



Operator

AM
~PM

Time Dote

Out of Service

EQUIPMENT REQU£STED:

Work Time from

::iN REQUIRED:

PM
Time

PM
Time

Date

Date

BID A~PROVED~=,

S~;ft Supv.,

Dispatcher

EQUIPMENT NOR~L:

Remarks:

PM i
Time          Date

pM : ~

Time : Date

Phi
Time      ’    Date

Removed by

Issued to.

Returned by

, PM
Dote

Dote

PM
Time          Dale

Dale Operator Foreman

AIR. Item No. -.-.
F.E.R.

IP12 005542



~ 22-141 S0 SHEETS
¯ 22-142 100 SHEETS..,.~o 22-144 200 SHEETS

i



-I-

CURRENT IN AMPERES X I0 ~ 6900V

I
.09

.M

.03

.01

SEE OP, AWINGS IAPE-EIO06,
1APE-EIOOS.2APE-EIOO6ANO
2.APE-EIO0$

®
®

®
®

.01 t
.S .6.7 ,.8.9 I

SI~ITCHGEAR ~AIN BREAKER
OVERCURRENT RELAY, DEVICE
IT| SlY, 22~P1"2340, SET ON
S.O AHPERE TAP, TIME DIAL #10.
CURRENT TRANSFORHER IIATXO 3000/5.

HOTOR THERHAL LZHrP CURVE.

MOTOR FEEDER BREAKER RELAY,
DEVICE 50/51, IT| 51IN.
223"r~1, SET ON S.O AMPERE
TAP, TIHE DIAL#~, INs’r. 8XTAP.
~URRENTTRANSFORP, ER RATIO 500+/5.

MOTOR FEEDER BREAKER RELAY
DEVECE SO, l’rE 500, 23BT’3545.:
SET ON 4X RATING, TIFE DIAL
30 5ECONOS, WITH 40 SECOND
EXTERNAL TTP~ DELAY.
CURRENT TRANSFORMER RA’rto 500/5.

I
I

ACCELERATION TIP, E-CURRENT
CURVE, !01~ VOLTAGE.

ACCELERATION TIME-CURRENT
CURVE, 85% VOLTAGE.

I
I
I
I
I

I.<..

I

IP12 005544
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CURRENT IN AMPERES X I0 ~ 6900V

~o
804

lOO

io

~o

SEE DRA~NGS IAPE-EIO06,
IAPE-E ! 008,2APE-El006
AND 2.APE..E 1008

SWITCHGEAR HAIN BREAKER I
OVERCURRENT RELAY, DEVICE S1,
ITE SlY, 223T234.0, SET ONI
$.0 AMPERE TAP, TZHE DIAL ~|0.
CURRENT TRANSFORMER RATIO 3000J5o

MOTOR THERMAL LIHIT CURVE.,

MOTOR FEEDER BREAKER RELAY’,
DEVICE 50/51, ITEM SLIM,
223T8S41, SET ON 4.0 AMPERE
TAP, "I’~H£ DIAL #7, INST. 6X TAP.
CURRENT TRANSFORMER RATIO SOO/S.

MOTOR FEEDER BREAKER RELA~,
DEVICE 50, ITE SOD, 23~T’3St45,
SET ON 3X RATING, T~HE OL~L
20 SECONDS, WITH 40 SECON~
EXTERNAL TZHE DELAY.
CURRENT T~ANSFORMER RATIO 1500/5.

ACCEI FPJvr’~oN TIHE-CURRENT
CURVE, 100% VOLTAGE.

ACCELER,AT~ON TIHE-CURREN"T
CURVE, 85% VOLTAGE.

I
I
!
I

I

CURRENT iN AMPERES X 10 ’i 6900V

~ inTeRmounTnln POU~R ~OJE(T

VOLT UNIT SW|TCHGE~R
PRIHARY AIR FAN ~OTOR

I.O~ SPEED

FIG. 4-17

))
o
0

~o
I0
~O

~0
~0

LO

¯
7

.1

IP12 005545
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SYSTEM DESCRIPTION

.... 70’~

STATIC PRI[."~URIE l 19tl RPH HII

HIGH SPEED DI~SIGH PTo"""~

STATIC PRESSURE i 897 RPH

’~OW SPEED DE

RUE 9255.93.5802
NO.

IPP 112684-I

WESTINGHOUSE, STURTEVANT DIVISION
SIZE 23120-D AIRFOIL PRIMARY AIR FAN

-70% DWDI, ARRANGEMENT NO. 3, CLASS 1200
EVASE -.91.65 FT2

"WR2 = 152,185 LB-FT2
TiP SPEED = 39,758 FT/MIN @~l,19q RPH
ELEVATION : q;700 FT
HIGH’SPEED:" i,19~ RPM, 105 F. 0.058q LB/FT3

LOW SPEED: 897 RPM, i05 F, 0.0586 LB/FT3

I00 200
I         I         I

300         ~00          500
FLOW PER FAN, I000 ACFH

I I
600 700

PRIMARY AIR FAN STATIC
PRESSURE AND HORSEPOWER

PERFORMANCE CURVES
FIGURE 3-6

3-13 l

IP12 005546
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SYSTEM DESCRIPTION F,~ 9255.93.5802
i ,o.

COMBUSTION AIR (SGB) IPP 112684-1

TABLE 3-2. PRIMARY AIR! FAN PREDICTED PERFORMANCE

Item

Inlet Air Temperature,
Inlet Air Density, Ib/fl3

Capacity, each fan

Pounds per hour

Actual cfm
Fan Static Pressure, in~ wE
Fan Static Efficiency, per cent

Design Fan Speed, rpm-

Input Horsepower

Test Block

105

0.0588

1,120,300

317,500

62.5

81.9

1,194

3,810

MCR

105

0.0588

882,000

250,000

44.5

84.9

897

2,061

I
i~
i
I
I
I
I
I

I
3-12

IP12 005547
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¯ ~ WSD Genera[ Order No.

RATE OF TEMPERATURE CHANGE:

AKY-6081
LB. 90-400.1.2

Item No. l&

I
I

High

I Low

/

Spd.

Spd.

FAN
LOAD

NET

CONTRACT PERFORMANCE

VOLUME
CFM

244,000

T.B,
NET

252,600
222,600

_ ’ STATIC PRESSURE
INLET

-2.40

OUTLET

39.37.

45.22
34.46

RISE

41.77

47.58
36.62

TEMP
oF

80

105 .
60-

SPEED
RPM

1194

897
897

Performance based on elevation of 4700feet, 25.18,. Hg Bar. Pressuze

Performance based on use of Evase expanded to INCL sq. ft.

BHP

3150

2217
1739

DENSIT~
#/FT.3

0..0614

0.0586
0.0637

I
I

4. NOISE LEVELS

BA~D i 2 3 4 S 6 7 8 ~Center Frequency Hz    63 i 25 2S0 S00 1000 2000 4000 8000 Over
Measured at A 75 78 78 72 58 67 77 78 85I B 105     108     115     I16     I18 I18 IIS 108 124

i
’ (" 82 85 89 89 90 89 81 69 96

D
°

-

I
I

I
I

A - Inlet noise, measured 5_.~, feet from inlet
B - Discharge Noise, measured_...~5 feet from discharge
C - Noise thru housing, measured 5__~feet from huus~ng, without inlet noise added
D. Noise arounC’fan, !nleasured._...__.t’eetfrom housing wiih inlet noise added, BUT WITHOUT discharge

drive or noise effect of other equipment added.

Above noise levels are~

l-ISound power Ref. i0"i 2 Watts (metric)
Suund pressure Re£ .0002 microbazs

scale:      I~ C scale

January I’

Revised Apr±l 9, 198G

IP12 005548



SYSTEM DESCRIPTION
NO.

CO~I,~USTION AIR (SOB)

FOR BABCOCK & WILCOX
INTERMOUNTAIN POWER’PROJECT
STEAM GENERATOR UNITS 1,2
IPA CONTRACT ~2010N=
PROJECT: FILE 9255~62.3~01
B&W REFERENCE: TB-61~/615
B&W P.O. 336601DOI336622DD
WSD A/KY-6081J6082 ,

PERFORMANCE CURVE NO. 6-20-83                                              "
SIZE 23120-D AIRFOIL PRIMARY AIR FAN
70~ DWDI, ARRANGEMENT NO. 3. C~SS i200

HIGH SPEED 119~ RPM
LOW SPEED     897 RP~
TIP SPEED 39.758 FT~MIN ~ 119~ RPM
WR2       152,185 LB~FT2                                      /

9255.93.5802

IPP 112684-1

1 I 1, I 1 1 !           I I I I I
0 I O0 200 300 I~00 500 600 700 800 900 1000 I I O0 1200

SPEED - RPM

!
I

I 3-14

PRI~L~RY AIR FAN
SPEED-TORQUE CURVES

FIGURE 3-7

IP12 005549
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APPENDIX G
Babcock and Wilcox Performance Test 1/18/89
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FAN
)ENTITY

WEST

WEST

WEST

EAST

EAST

EAST

TEST #

2

UNITS

INLET
OUTLET

AVERAGE

INLET
OUTLET

AVERAGE

INLET
OUTLET

AVERAGE

OUTPUT
POWER

HP

1344
1511
1428

1345
1560
1452

1329
1526
1427

INPUT
POWER

HP

3757
3704
3729

3789
3722
3752

3760
3699
3727

VOLUMETRIC
FLOW RATE

ACFM

243421
275260
259332

245053
286232
265629

STATIC     VELOCITY      TOTAL
PRESS.RISE PRESS. RISE PRESS. RISE

in. wg.     in. wg.     in. wg.

TOTAL
EFFICIENCY

%

38.79 0.55 39.34 35.77
38.24 0.55 38.79 40.80
38.49 0.55 39.04 38.28

38.51 0.58 39.09 35.50
37.83 0.58 38.41 41.91
38.14 0.58 38.72 38.70

242599 38.47 0.56 39.04
280262 37.83 0.56 38.4
261420 38.13 0.56 38.69

35.35
41.25
38.3O

STATIC
EFFICIENCY

%

35.27
40.22
37.75

34.97
41.28
38.13

34.84
40.65
37.74

INLET 1195 3657 225283 37.38 0.48 37.85 32.69 32.72
OUTLET 1361 3597 258154 36.75 0.48 37.23 37.84 37.35

AVERAGE 1278 3625 241707 37.04 0.48 37.52 35.26 34.81

INLET
OUTLET

AVERAGE

1305
1556
1431

1339
1559
1449

3733 234299 39.26 0.55 39.81 34.95 34.49
3655 281569 38.43 0.55 38.98 42.58 41.98
3690 257915 38.80 0.55 39.35 38.78 38.24

3763 241408 39.02 0.55 39.57 35.59 35.10
3695 282950 38.31 0.55 38.86 42.18 41.59
3726 262165 39.63 0.55 39.18 38.89 38.34

INLET
OUTLET

AVERAGE
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80S 120-1
BiABCOCK & WILCOX

/
z_ /a
5

I

JOB NO.
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120-1
BABCOCK & WILCOX

I

|~
CUSTOMER

SUBJECT

JOB NO.
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BABCOCK & WILCOX

i
JOB NO.
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SOS 120-1
BABCOCK & WILCOX

t,o     ,,zi[.

/o ,~ s~, ,.-’4
i.o z.yI -~-

i, 0 z.z ( .-
/,O ,.2.27
i.a ,z/7 -’z.
/, d ,Z3~ .-z.
i,o ~r~

l.o 2,~

i.o ,z,-/’( .-z.

1,0 Zeo -
I~ , .,0~,¢ -’i

~~. o
qc!, q

I I

CUSTOMER

SUBJECT

JOB NO.
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I’" 8DS 120-1

BABCOCK & WILCOX

CUSTOMER

SUBJECT

!

JOB NO.

BY

DATE
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B(ABCOCK & ~/ILCOX

IIF I 111111 11111

CUSTOMER

SUBJECT
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120-1 B(ABCOCK & WILCOX

I!_
!1

CUSTOMER

SUBJECT

JOB NO.
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I

I

I
I

I

i,,I    , ,
, ,,, ’,,,,,’ I’"’:’ ’,,,,,’
I::1,,,

I,,,,,I

I,,I,,I I::1::1

IP12 005578



I
I
I
I
I
I
I
ie
I
I
I
I
i
I

I
I

I,t’       , ~
*:~1
O,,l
lib

I I
..... ,,,,,,,’"o,,,L,,,,,,,,:,,’",,,,:,,,,., .........,,llllll.,:’,:ii,, Ill:Ill ,,i ,,iio, ’,:’,ii,, ’,::1::: ,,oillt,,,, ........., ........., ........’,,,,I

o,,":,    o,,":, I ...... ,::o’,,

I ....’ ,h,, *,.,., I ..............................,, .........................m .....................................I ,, , ,,,I,, *.,,’     ~

I ........ I." I I I’"l II I ..... I I’"l I I I’", IIII .....I I’" I    , ~;’~ ~ " ~> ~

IP12 005579



I
I
I
I
I
I
I

i
I
I
I
I
I

I
I

I,,I,,I

.3::

I..t,..

t:’,’:o

*:’o,,I

’l,,O,

I,,I,,,

IP12 005580



I
I
I
I
I
I
I
I!
I
I
I
I
I
I

IP12 005581



I
I
I
I
I
I
I

i
I
I
I
I
i

I
I

’t::l:: i::,::l *:...:~ i:::::l I..I..I I..I... i..:::, :::1:::

IP12 005582



O0

ii.:---i:-~ i S i b iUNN .:- ii i £ i i LiN ilL i
.~iiii! -"_-;!b -"_---’U:--"iiI i IT-Y£iI IIL i

FIRs l -":-:iibi ’.:;UiHii E ITTii? FLO

SUPHTR ~TTE~P 8PR~"f ~TR SPL’.---: T
FIR.’:;i LIIiVL :_-.-VFHiK ~ H~ ~triY

RI~P~TP 6TTFRP qPP6Y UTD ¢~V T

ib ! iUi RLNL£1 UUiLLi i



I
I
I
I
I
I
I
IS
I
I
I
I
I
I

I
I

I::1,o.
:111:::
I,.I,,I
I’"’"

.:r" o:’o,.I

....... o::l;:l
o:’,’:o "..l;:o
I.l":o., .....

I11::11
I’""1
:11t:::
::::::,
:::1:::

,:’,’:o
l.l":o

IP12 005584



I
I
I
I
I
I
I
IS
I
I
I
I
I
I

I
I

.l::l::

I::1ooo
:111:::
I..I..I

I,,I.,, I,.I,,,
I,J::’ I.J::’
I,.I.I I,,I..I
I:::::1

I,,,’,1
:11t:::

::3:::

IP12 005585



I
IP12 005586



o. .olI

.................. illu .........................lllii ................I . lllr-

, ii,,....T’" ,:’,,]l ,’""’
...... I ’, ......’ol", ilhl "°lil’ Ilhl Illll
...... I I.,I.., I, I.I i ,, ,,I,.I , h,

...lllo     I.i":o

III
, ollool ’ o:’ ’: I’""I ’ ’

....... " ...........................
r’;,.; :;11::: "F ..........................

111,, .....

I ..... o,..::~ ’ I ’ ’,,I," I I ..... l,,,::o
r’,,,, ,Uli- o:,o’:o I .................i ....................fill ........................Iolll .....................................I!.r’;, I I cr,, I ’" "       I I.r:, I

IIIl:,:lll!!llllltl fill.,, ........l,i":, .’ I .::if!, III1,,. ...... illr’"lll!llllllll I,,I,,,
I,,I,,, ’    ".II .....+ ........... I .................. I.’" ........ I .............................I ........ I .............................I ....I i I ,
i’:,,, l l::l : i: ,1 o n l I::III: ::1111: ::O::l ’, .....
I::i"l I1:! ’ I: o:’o I     I,Io,ol. . ,    , I ’    . I1’:1., .i::l:: i:’i,,I I O’!’l
t:’ ,,I I ....... I ’1 ..... I:’l,ol I I::l"l I::1:1 I , II ’ , I I

I " ..... ’Jq~’: ~ ~:~ ~:’~ .I I ~:~;~ ~::r,, ’:.p, ~ ~ I .... I ,,ulll .......i’ ........III.., I It, III1" .,, ..... , I I"~ I I I":~ II1’. ,,,’,’"’
’, I,’ ’ I ’.Jill .......I I I ........ Illi’" I " li" II.i.ll I ......

I,,h,I I,,h:. I I ................. ’ .................... tllll ............... I ....... lillt ..................................... II ...... I,.I ........ I
, ,.I,, I ..........~ I,.~,, I                                I,a.. I I,,~.,, I,,~,.
I.I,,, :..,..I ....... I . .i::1:: i,i ,I I

I.,I .....,..    ’ IIII". ..... o. o,,l ! ,, ’,,    , IIII ....
r., ,ol’o o"o"l : ’:r"

,,,h,l I.I ,I I I ....... : :;iII~: i::r,, l,o":, ,,, ,,,I ,,
’ I,, ..........!’"", ’,::I::

, ’ ’~ ....

I,II

Illi

,l::
l::i

IP12 005587



I
!
I
I
I
I
I

I
I
!
!
!
!

I
i

T 3-1533 NUA
T 3. 107 NW

T . 8~,9     PF

554 MUA

P F

IP12 005588



BABCOCK & ~IILCOX

CUSTOMER

SUBJECT

DATE

IP12 005589



sos 12o-1
BABCOCK & WILCOX

~oo

CUSTOMER

SUBJECT

JO~ .o.

DATE

IP12 005590



120-1

/0

I!
/!

I!
II

I!

/7_.-

CUSTOMER

SUBJECT

/

//>

BABCOCK

0

0,3

;    O,LLI

& WILCOX

0

0

JOB NO.

BY

DATE 9

IP12 005591



"ON

.~’26
? ’f6

’26 0
0
0

-.~1

O~O’O
’0

~1 ,q

--~ ,co
o/-/

of,

)~3008V8
T-OgT SO9



BABCOCK & WILCOX

I
I

CUSTOMER

SUBJECT

o ,,,%-,~ 2,,,,

0

D,Zi

o,73~

0,6~
~,~7~
0,~17

q

IS
2.0

JOB NO.

IP12 005593



80S 120-1
BABCOCK & WILCOX

I.. - 2..

-’! _

-

/

557.3 -3
, z,~-~. ,.. ,I,

/,o
/,o

XO

60

t
JOB NO.

IP12 005594



I

I
I
I
I
I
i
I

I

I
I

PG-1979-1 Babc ’ Wilcox
GiENERAL CALCULATIONS

CUSTOMER

SUBJECT
IFILE NO

IPREPARED ~, DATI~I

IP12 005595



80S 120-1
BABCOCK & WILCOX

:06.3

CUSTOMER

SUBJECT

JOB NO.

IP12 005596



!

B;ABCOCK & WILCOX

I

/,o ;

/.0

CUSTOMER

SUBJECT

JOB NO.

BY

O~T~ ,/,~

IP12 005597



80S 120-1
BABCOCK & WILCOX

(7.

I

J

/,a

/,O
l,o
1,0

/,0
I.o

i I

CUSTOMER

SUBJECT

t

JOB NO.

DATE

IP12 005598



i
I
!

i

I
I
I
I

I

illllll
~111111

!’".,I     I"",1

I,’,-I     I-,,,I

I

IIIIIIIIIIIIIIIIIIII;i

I
IP12 005599



I

I
I
I
I
I
I

I
I
I
i
I
I

I

I::I

I,l":I o::l", ....... I,O":o I.l":o ....... o:~i;:* * ,    , o:It;:l o:’*’:o ,,,l;:O
’     ’ ’     ’ ’ I ..... o:’,’:o., ..... ,::1", o,,I,,, *:’*’:*     ,     .     ,

’ill"! *=:1 ....=:1’" *~:1’" o::r’,., ......~:1"" o:’o..I o:’o..I o::l::o ...l;:lo..!,.o .... ., ..... o::o::o ’~:1’"      o:’o..I
.:r’" .:1 ....~:1"" ’~:1’" *~:1’" I ...... I ...... o:’,,,I o:’o.,I o:’.’:o o:’,’:o ,:’,’:1., ..... I

I

I
IP12 005600



"" "’:::’-" ~:"’"-: ’"" -" S ~iN~BOX PR
i.5 T~{: BNR L VL 3 ~ giNDBO>-:: P:R
.G T~{: -~:~.."----:. LVL i ~ gIND--::OX~ PR
.8 TNg{: q~R L?L $ S gTNI)T-:OX PR

~;i ZN~r_:BNR L?~ q ~ ~iIf~BOST PR

B~R ~v~ ; ~ ~TND~O~ PR

SECOndaRY ~]R D~PER PO8 J~
SECOH~R? AIR DA~vk~ ~.._~nZ iC
SECONDHR? AZR DA~PZR POS iD
SECONDARY AZR D~PER POS iE
SECONDARY AZR DA~PER POS iF
SECONdaRY AZR D~PER POS ~G
SECON~R~ AZR DA~P~
SG EAb~ tLU~ OH~ PR



8i--"-i8/89 i£:i8:£6 U--:"i£{i

Y£LUE

596i. iiPi

7 i 9 :-’--::---",:-

SEC ST£iE SUPITR E £TTEiP FLOi
.---i ~’:.-" .:--.- F: .-’.TT~-~.~: :_-- .-_-: ~ _.=._ -’..: -’-iT.--: :--~-:-’_: --:
--:L:i iii.:’-. ~i iL:.-’~ --:i -:"-~i ~i£’. ".:i : --" .:

FZ£ST :::-I£~E SLi:.:=HT£ g ~TTEiP FLO
SEC ST£GE SUPIT£: i £TTEIF FLOi
:==" i -: Z: i T Z: ..":TT:_-iD :_5 :-_, Z:,-’_. :-_-: _-’.~TF: :-- r: .: -’..: T

S5 E ~:OL-:---:-~:EHE~T INLET T

:_--:-~E L: Li L .-: .-- .-::--:E~E~T T~i --:-i :--’:~:
:--8 ~ HOT £EHE~T OUTLET T



I
I
I
I
I
I
I

I
I
-I

I
I

I","1
o:,o’:,
O::O,,.

I,.I,,I

l..i..l
O::O~::

I’-.*l
I::h::

|,,I..I
311:::

"::I::

I::1.oo

I..I,,I

I..I,.. I,.I..,
I,.:::,
I,,I,.I I..I,.I
I:::::1

’1 .....
I:"’:i °,Jill
I.l":l ,I .....

I,i":*

I::I
:::I

1::1

:::I

IP12 005603



I
I
I
I
I
I
I

I
I
I
I
I
I

I

"::I::

:1111:1
I’....I

I

i:,l’:i
Illllll

:Ii1:::

...l;:o

1.1":1 I:’1..I I..I...
I:’O,.I

’"l:::,.:::,ll!~::l’.:::::’.:l::.!l!l..::::::! .... ’, r’:I I I.l":i
......................................I

"lill! ............., ........, .........I ........ I I
’ illli I I .,.ill .......I

I ..........I ........I:’.;;iit:::’.’.;:;’’’J
I ........t11""1 I :I!t:::I..,... I I ,

I I ’:";:’

,,.;I..     I I,,i.,
:..,:l

]

:I!i:::
I..I...

...:l:,

,,,tl:l I,,i,,.
I.l":l

’"1:::"’"!II."I ........I".III .......I ’Ill’’
I,l":~

I"llllt ............., ........, .........I ......... I I
’ Illll J .......... I    ".111 .......I

I I .......

I I,.lllll .....................................I
,l::l:: I ............................I I,,i..

Iiio o! o o,.,.., I I ,..,......,,.,
I,l"ll ~ .’1.~ I I _ ’ ~

o:ll
O..l

,t::

I:’l,,I
I:11

:lllll: ,i::
’1::1:: :::1
I,,I.,

.l::l:: I..I
I1:I,.

I
IP12 005604



I
I
I
I
I
I

I
I
I
I
I
I

Ol:lO.,

I::h::
’CI::

I,-,’1

I::1,,,

I,,I,,I

ills

.................. Ilion .........................t11" ................I I:’,’:o
III1". .........o:’o,,I

I
o,. ::::1., .I.~1,,I -olll!’,,, .........’ ........., .............L,.,,,,,,,,,,’,,,

..... ~! .........,~1,, ~llllll ’°~ltl" ~lllllt ,llllll
""’~:~ I,~,~.... ,.--"-. ,,;’ ~.,=" I~t’,,,. ’.1~�" ~, ’~

’ I~J.. ’ ~""~’ "--"
o:~:o

o:’,’:o ...l;:O
l:°OS:l

...... .11t ..........................I r’.,,, :;;I::: I ............................Ilion ......
I ,:’,’:n I...,.I "°In"

n"’"L=::o "°1~ .... nl ," I I ..... n.,:::~
I ...... ’lOlll’ I:.O’:O I ......................................IIIol .......................IOIlJ .....................................I |::l::O tln|!,o

I~!1"’1 I i"r., I i", ;’l       I I ’"l
¯ IIII....1111!1111111 II,... ........ O.,":, i I ..m:, I111......: .... IIII....lll!llllllll I..,.,.
I I "llllt ................. I ................. "ilion" I..... ..~.. ............................. I ....I I I .... n .................................,.
o::1;11 I1:1 : :::1::1 ,I I:: ’ I I I::11: :::1::: I1:1::1 ,o .....
I:~l;:o I1::1.,..I::1:: I:’1..I     I.lo.o. .    ¯ i I ¯ ’ I~::1.,, <:1:: ~:’o..I     Ii:’:’:1 I ............. I I ...... I.o":l I I n::r., i::l:n I .............................., .... I

I "I’ ""’::’:: ............:;nil;:’ ,r, .... ,:’,..I I ,::t;:l ,::o.,, :,ill,. ~:’,,,i I ..Ollll .......,........ lion,. I I.l":l Jill," .,,,’"’ I.l":l ! i 1,1":~ Illl.. ,.,: .....I I"l I
¯ ,,I,,’ ’ I ..nollt .......I I I I ........ilion.,’ I ,,,in,, I::l::l I ......I::O::I I::ll:: I I ...............’ ......................ill" ......L .........I ......."1 .....................................I ..... ~::1:: .....I

’~::1:: I ..........~ I.,~,,, I I.I., I I.,~,,, I,,I,,,
~.~.........~ ....... I    . .,"r: ,:’,.,~ I IIIIIIIII1’,::~::

I I ....,,. ’ III1’.... o.,J ,,... ’ ,I ..... li~l,lll
’~’1’" ’olin, ,"o"o ,.r" .,~1oi.

I" "1 ""1 ....... ... in o"l     "" I, I~. I I .....: , ,,~ .... ~ ~.’. I I1,1@,11 .......
¯ ’ .     I    I~o ............. o. ’1::1:: ’ I    i,o .... on ’l..I.,

,".,~ -i~ ...... L.-__--, i~..,;~; ’;!’ii’ ""~’1 .......~-----i i~" ~
i" " ¯ . I’O I -i. l,J ’,, I "I~[[[[TTTT’] i, o.I..l I,’~1 .., / ,,,I-...-.,...,.~ I
~..J~..I...-’-’r--"~ I.~ ,....-.~..i....:..~ ~

IP12 005605



I

I
I
I
I
I
I

I
I

I
I
I

I
I

#D~ 3.897MW     .88PF
18-J&n-89 14=57= 13

Status
18-Jan-89 15=04:05

Av9 6.664 KU

T 3.454 MU~

T 3.030 MW

T .88 PF

#Om 3.057MN     .88PF
18-Jen-89 15:07:13

#E’m 3.068MN     .88PF
18-J~n-89 15:17:13

#Om 3.075MW     .88PF
18-.J~n-89 15:27:13

Status
18--J~n-89 15:32:16

Avg 6.663 KU

T 3.504 MUA

T 3.076 MW

T .80 PF

#Dm 3.075MW      .88PF
18-J,zn-89 15:37:13

#Dm 3.078MW     .88PF
18-3~-89 15:47:13

#gm 3.072MW     .88PF
18-J~n-89 15:57:13

Status
18-J~n-89 16:04:15

T 3.516 MUA

T 3.088 MW

T .88      PF

#Dr’,o~.084MW                    .88PF
l:-3-.J,In-89 16:07:13

#Dm 3.083MW      .88PF
18-Jcn-89 16:17:13

#Dm 3.082MW      .88PF
18-J~n-89 16:27:13

Status
18-J~n-89 16:32:00

Avg 6.654 KU

T 3.508 MUA

T 3.081 NW

T .08      PF

IP12 005606



BABCOCK & WILCOX

3,0.

IP12 005607



II

I
!
!
I
I
I
Hi
I
!
I
!
I
I

I’

120-1
BABCOCK & WILCOX

CUSTOMER

SUBJECT

IP12 005608



8DS 120-1
BABCOCK & WILCOX

/,0

/.o

~’!,¥
~-(.~

51, ~

/.o

/,o

/,o
/,o
I,o

/,o

/w
Lo
I,o

Ao

/.o

o

D

~3

o

o

JOB NO.

IP12 005609



, oo

BABCOCK & WILCOX

I

IP12 005610



l
BABCOCK & WILCOX

CUSTOMER

SUBJECT

/I I

I

I.O     i

Lo

LO
Lo
Lo

(-~,

/,o
/.o
/, 0

/.~
/,o

IP12 005611



<+

120-1

CUSTOMER

SUBJECT

~}ABCOCK & WILCOX

3

!

I

/<o

/,0

"t-7-

JOB NO.

IP12 005612



805 120-1
BIABCOCK & WILCOX

7
2-

CUSTOMER

SUBJECT

JOB NO.

BY

DATE

IP12 005613



~1)$ 120-1
BABCOCK & WILCOX

CUSTOMER

SUBJECT

S9    0,o~o3q
3~ , 0.06

3fl

zq ’ o,6~ ~
A 9 O, ~1~-

JOB ",,.,.

IP12 005614



80S 120-I
BABCOCK & ~ILCOX

I

/ D

5q
3q

4~0

CUSTOMER

SUBJECT

JOB NO.

IP12 005615



I
I
I
I

I

I,,,,,I

IP12 005616



I
I
I
I
I
I
i

I
I
I
I
I
I

I

,:’,’:,

l..i..l I’""I :::III~ :::IiI~
...... I I ...... ,:::::i ,:::::i
I::l::l I::I..o :::tttl ......I ......I
’CI:: I’"-I *:::::~ I..Io.. I..I...
I...... l::h:: ......I

o:,,,:l I,.I .........| ......I
I o:,o’:i ’CI:: ,l::l::

I,,I,,I ......I ~:::::~
’Ci:: I’,’,’,::1 I,.I,,I ~:,,,:~ ~:,,,:~

I..I... ’CI::

~..~..~:’,!!i!! :::,.. :::,,..
~:,,,:’ I ...... ..,.,.I ......I
:;;R~: ,:::::, ::::::~ ::::::~
’t::l:: I ...... I::1,,, I::1.,.
:liE:
l::h::
,:::::,
I,,I,.,
1::~:::
~:::::,
I::i..,

’CI::
I::I..

I.,,,,I I,,,,,I

h,lll,

1,1":1 " ""li.l,.* ....... 1.1":*L:,.’ ..... ’..I1:* *:"..I

*...,.* *:’*..I
":1 ....1:1’" ’::1 .... ;:1’" 1.1":1 I ......

:::1

I,,I
,,::
,::l

I
IP12 005617



I
I
I
I
I
I
il
I
I
.I
I
I
I

-I

311:::

’~::1::

,:.,’:, *:.,*:l *:.,’:, *: ,’:1 ,:.,’:, *:.,’:l ,:.,’:,
*:::::* I:::::, ,:::::, ,::::, I:::::, *:::::, *:::::l *:::::,
t::i.., i::i.., i::l... O::i... O::t... I::i... I::h. I::1...

IIII

Io,I

IP12 005618



.Sb k DIL-.-i .:---F--H---Hi --"iL---i i

SG L iULi iEiEii ilLET PR
-:::-bi NU i -I---:EI--L£I OIiTLEY }



I
I
I
I
I
I
I
IS
I
I
I
I
I
I

I
I

....... ,:II1:,i
O:’o’:o ..,I1:1,
l.l":O .o ......

,:...:i
I::I...

I.O":*

o:’,’:i
I.I":1

I"1

o::i

IP12 005620
IIII



I
I
I
I
I
I
I
P
I
I
I
I
I
I

I

:IiIIl:
,r,’.l::
I,.I.,

:Ill:::
I,,I,,I

o:,i’:o

I,,I::,

O.l..,

of’,’:,

*:::::~ :::1::: I ......................................I
I ...... ",,oil, .............. ........̄  .........I ......... J I

I

o::l
0:11

,i::
l::l

o:’o,,I

1.1..

IP12 005621



I
I
I
I
I
I

I
I
I
I
I
I

I--’I

,:’i,.l

lilt,,

’, ..... III1,,, ........’

IIIl’,,.,,i .....

IIII ,, ........

..... ,.l;i;,,,’,,,,I,,,,,!!lliliill,.:;:l:...,..,:,.,.’,i;l!l:,,.:::,,.., ’:...:, .,,

..... . ," ’"’"" .....,,,’"’"’ ..........,,...’"’.,,!lloi,, :::l:., I11 : I .oO

I,|*
i:ll -
I,,I

I,*|

IP12 005622



I .~

°I°’°’,,=,,’ II IIIIIIII IIIIIII IIIIiiii IIIIIIII
q.loo o. , .,,, l,l ,1 o..i.o ": I"":, ...... I~ , I,,,’.’,I , I..,’,’,I I’,,I’:I !’ l,,l,,,
r,,,,, ’"=:" r,,,,, ’"::! ......... ""..... o ........ I,.I,,I I,,I.,I ~,,Iol ...... "" .... I ......
r.’:l,,,:,,,o" I’,,",i     ,,,,,,,’":°" ,,.i,.,,, ....i,,i,,,," ’,,,. l’.’,..l l:...’.l r!o i:...’.i .t’.’.r.’. .....

",,, ,,,,,,, ,,,,,,o ~’,’,l,,, ’:’,’,1’,’. ~’,’,l,,,I::~,,, ,::l,,, ,:::::, ’:

r.,’:o r..... ~ , I’,’,~:’,1 I:’.1::: I:’,1,,, o’,: ::;[’.’.’. I..I..I ......I ,’"",
, !,,,’,:1 , I,,,~:1 I,~,,,, I::l,,, ,:,,’:, ,:::1:: ::;~::: I::1:::

r’ .... :::~: r,,,,, :::~1: ~:l,,:o    ",., i’,,’:~ i,,1,,, ::::::, I ......
I::1::: r,,’:l ::;~::: r,,’:l ::;~,:: I ,,:,,,I ,:::1:: i:.,,:1 i:,,,.i ,:::1::
i,,.,i i,,,,,i i,,,,,i i:~1,:1 i::1,,, ,:::1:: i::1,,, i:.,:1 ,,,,,,,
’:::!::

I
I
I

OOlooll

I
IP12 005623



3;111:

l,.h.,

I
IP12 005624

IIII



I
I
!
I
I
I

I
I :III:::

I,,I,,I

III1".,.,: .....

.,*"’i’"".ll#": :::::’" <:1:: ’

’~ ..... I:’I,,I I::I,,,

..... , ........"’" ............’ .............’""’ill,,"’",,.. 1:i::1 .,l
’,I, "i,l, ’"I’" "hl,. ’"I’" :::...i .......
, I,,I ,I ii ’, I,,I,,i I,,I .........I

III1"’"’1:..... I ill":;’;:’". :" ’ " " ’ ’ ’..... . .......... ........IIIIIi ..... ..’..:;,!,..:::., ",:’": .

I:’1.,I

III1"*, ........

..... .......’....I ............ . ........... ~"..iil..’".. ,::::l "
’llhl     "lihi ,,ill,. ";ihil .,.II*, :::,..i .......

illl,

.................. illil .........................!llil ................I i:’*’:*

""’"’"i’""
I:*1.1

I*. :::11.* I..I..I "’i*lli"’, ......... * ......... , ........ ’ ......... . ......... "*’
...... I .........II"" lihl ’*ill*’ Ilhl Ilhl
::::::1 I..I... " ..... ,;",P I ...... 1.1":1
I::h,, I:’1’:1 *o

:̄:r*’ 1,1":1
1:’,’:, i::,::,

III1" ,,.""" i:’i,,I

:::.,.I .1:.::: "*I’;’ "Jill’ "’I"’ "lihi     ";Ihl

’i:r" I,l":o

III1", ......... i:’l.II

...... I ........’il°*’ ’oilii "°l’" ’li Oi iohi

o:’o..I
...l;:o ’::r"

....... lllll ...........................I I ...... :l;lll: I ............................till, ......
I , i:’l’:l I"’"1 ’lllil’

I’" I,.l::l "ill .... ill’* I I
I ...... °*II1" I:.1’:1 I .......................................IIII ........................"il .....................................I

’"l I * :1", , i; i                 ’"i
¯ I::l:l:lll!lllli 1111". ........ ’.’":" I ..ll:l 1111"..I ..... IIIl’"’lli!lllltlil 1’..
l,,l., .....l ...............’ I .""II!’~ ...............l I i ..................iII"’:’ I .... I ....I I I I ,

i,i": II i : :I ’,:I ’ It::r, l i::i,. ,l::l:: i:’i.I I,,,*t.’ . I .    , l i’l.
’:’ ,,I ! ........... I ’ I,l":* *:~G:* I ....... I ...... I ’, ........... I I

I I :;::::: .............:;t11;:’ ,"r., ,", I I *", I ’;’, ":hli;:’"i"i"l .............. I ,,llll .......I
’........II,*.. I I *’i IIII., . ....... II’"I I II’"I "" III’..: .... It:’, i !,i,

¯ , I,’ I ..* II .......I I I ........ Ill " I " 5" I., ,.I i
i:hi:i i::l~:: I I ......................................t11. ...............I ........11t .....................................I i ......i::l:: ......I
i::l:: I ..........I I.,!.,. I : I.i.. I I.,i.., I,,i,,,

i.,I.......I " ..... I .: ,i’T’ i"i I I     , , ::1:,
I..i ....i’,,I’ ’ III1,’, ........I.i":~’ "" .i’..I’ , . "iih... ....... i ......

! ...... .’ill,, I:1%. I:l’" .lllll,
I"l"o,. I,I .... I .......I I"O. ’I"1 .,,.,,.’::l’l* I"i, .,I li’l’". I’ ...... I ,i ...... ,, ,*ill.."

’ I i+’ ...............*..i::l:: * I I** ....... %,I,,I.,
b,. -’~4 .......~ I~.
l;’lo,I    i I]ZZZ]ZT{77777] i
"-’,J.-I.,.,"l-"--" I

:;;I

III1
I::!

:’,’,1
i::i

I,,i

IP12 005625



i
I
I
I
I
I

!
!

!

I,I

l-,,,l     I,,-*1

IIII

oooL

I:,1’:1
lOlOOl lllloI I,,I,,,

I’*1 Ii

*o"*’l Ioolhl

llhl,l

~

~

IP12 005626



I
I
i
I
I
I

!
!
!
!

!
IP12 005627



I
I
i
I
I
I

!
!
!
!

I

I--,I

I::O

::::::*

I,,I,.I
:Ill:::

:;;I

IP12 005628



I

I

I
I
I
I

’,0

|IsiS|

’l|’"l

~o~IoI

I,,I,,,
I’,,-I

Lilt
’,,,,

I"I I
l

Is|oil|

,:.l’:,

!,.i,.I I::i::l
’:::1:: I::i::: ’",,

I::l.., .:::1::

I::1,,, I::1,.,

|:

I,,1~,1

sol|oil

IIIIiill IIIIH ,,,,,,~

I,,I,,I I::1::1 ’~
oollool Olios

IIIIIIII IIIIIIII IIIIIIII
I ..’"’.

Its| so too~llo oo

,’

ooot.I

I
IP12 005629



I
i
I
I
I
I
I
P
!
I
I
I
I
I

!

I’""1

I,,I,.,
’:’,..I

o:.o’:o: ....... I ’
I::11::, I ........ ill..,I ........

l""OIi ....... U .:r"

i’:::::’ !::::::
:::::::::::::::::::::::::::::::::::::::::I’,:r"

,1::1::: IIIII     I .. I " Ii .......
’"’’."°", .................:’"’" .........I ........

~
., I

I::t.... .......
I .............................

I ..........

! ........... I ........F:;;iii:::::::;"’’’1’
.,.::.....~11...I I :;~:::

.~::1::     I .........................
I

I.,o,,,

!.:.! ....... ,,. ..... ’!’~"

iI::;;iii:: ...............

i::o

"::I::
I:’,..I

I
IP12 005630

II



!
I
I
I
i
I
I

!
!
!
!

....... .111 ...........................I : I ...... :1;1~: I ............................IIIol ......
I : ,:’,’:o I’.’"1 "°l°"

r"-I.J::, "°l°" ~ " ’,,I.’ I , ..... I,,l::o
r’ , ’,,I,,’ ,:.":, I ..............! .......................tlloo ........................"111 .....................................I o::,::, .,,I,*.
,,,? I ,::o", i ’::~;:’       I "’ I.... ,,llll!llllO""". .......’.,":’ I ’.,;:, ,,’...’ ..... llIl"’llllll,lllll’"’"’ ....I .........................:...I...."""!"~ .............. , u , .................."’"":...I ................... :::: ......I .....

,,"1 I ’: :1 :         ’ I I I::h:: ::1::: I:1:1         ’* ....o::r,! I o::o,,, ,CI: ,:’o..I    I.tHI. j .    , I . I o"o., ,~::1:: ~:’,,,I    I o’!’,o
’:’I,,~ I, , ........................... I . o.,":, ,:~;:, I ....... o .... I.: .............................. I I

I I ,, ...... *’lO,. ’o r., o’o I I o’o I .. !;:o .**1°,. *:’,,.I I ,,iOlll ................. tlloo*. I 1,1":* II1,,. .....’" i I I"O I I1’:1 ’ IO" ¯ ....... I.l’I:O I
"I" I ..oil..~....I I I ........ I,,..’ I ’,,I,,’ I,:l*:l

I::1::1 I::h:: I I ......................................flloo ...............I ......."111 .....................................I ~ ......I:l:: ......I
,::1:: o ..........~ I..~... I . I ~ I I.o.. I..,,,.
I.,I........ I " ..... I ’ ’CI:: ,, ’ .... *:"..I I     , .CI:.

t..I... ,;’.#    ’ III1" ... .....I.l":o ,;’..     . IIII.... .....r’...
I ...... ’.,~1~,. ~"r.,’ ’~:1"" ’.**1~,.

~::1’., ’;:1 ...........I o:’l. I~     :;;t~: o:’o..i .:r" I ........I .......
, ’ I,, ..............,..,::1:: . I I,, ................,, <:1::

r ~., -.ltlIM ........ ~ I1.1,., .,;:i:: *;:i~* -.t11,.4 ........i .................. il..~.
¯ :’IJ    / ~..._-+~. I    ,:’iJ .Io.ol. o:***:o    / i ..................I i~ . o:’~.l

~" .............I1~. I’~::I::    "-- " I ..............III..~. 1’ .... I.,

,,::

:::1
o’,:o

IP12 005631



mp

I
I
I
I
I
I

!

!
!

’1’*’*1

I,,,,,I     I,,*,*1

t

OooLo
t,,I ,: I,,I,,, ’,,,I,,

i ’ ::::::o t::l:::
::1,,, i:::::i I::1,,,

IIIIIIII IIIIIIII IIIIIIII ,,,,J

I,,h,I

I,,:o,I

IP12 005632



I
I
I
I
I
!
IP
I
I
I
I
I

iiil"l -
i.l~,l

Illl

I,,I

I:::::1

I.,I.,, I,,I.., I,.I,,. I..I,.. I,.I,., I..I... i:..,:l i:,,,:l
I,.l::l I,.l::l I,.l::i I..l::l I..l::l I..l::l :::llll :::lltl :::llli

I::1,,. I::1,,, I::1,,o I1:1,,o I::1 .... I::1,., I::1,,, I::1,. I::1,. I:.,.:l I:..,:l I,.I.,I I..I..I I,.I..I I,,I,.I I.,I,.I I..I,,I :;1111: :l;lll:
I::1... i::l,.. I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 i:::::l I.,,"1 I’",.I I,,.,’1

,i::l::I ......

I,,I,,I
I,,I,,, :111:::

IP12 005633



I

Z ? l.: =" l =--

i . !:

{:-:-:. ~ HL:i
g’:=-..--.

0=_". 0 F -"_- ":

53.0 POT
t=:--:. ~ HL-i
t=.--, i :..-L- i
~:i.9 POT
[:-:-. t: HL:i
2~. 3 ..-=-:L- i

-T-:NR LYL 4 N Y:.-"-N.--"-~.T-:OX PR
T-:NR LYL 1-_-’ N IiN-::]BOX PR
SECON~R? AiR ~NPER POD i~
b~OUN~HKTHZN ~H~Y~K YUb

b~bUN~RNT HZN ~H~K~K rub

SEC~i~RY AZR ~ANeER eos iF

SECON~ARYA~R T!ANPER POS i H
3b ~3i i-LUL bR3 FK



I
I
I
I
I
I
I

!
!
!
!

I’""1

I::1.,,

I,.i,.I

"CI::

I::1,,,
:liE:
I,.I..I

’~::1::

IP12 005635



I
I
I
I
I
I
I
il,
I
I
.I
;i

I

I

,:’,’:,
l.i":i

:::1

IP12 005636



o::l

o:’*,,I

I.I,,
I,,I.,

t::J,,,

I
IP12 005637



I
I
I
I
I
I
I

!
!
!

~:,~’:~

~:,~’:~

i,,I,,I

II1|*** .........
i

llill llhl ’*eli*’ llJll , ’dih* ,,,,,,l ’0 .....

" *:’*,.I
q:ro.

*:’O.ol:     I::l...
.

, o:’o.,I
.l:’,..i
’1:’,’:,

°:’°,,I r’":"ollll .......................! ...........loll! .................

.. I .. " . ’...... .-.....iilllliii~ ............... ..,p, ,,. ,., .".i il ,,11.~ ";~ ; ~i .--. ::...~ :::::.~*, ,:’":l /.~ ~i ,;’..: *::1", l.,i...
....... I:’1.,1 i     I::1.**

o:’,’:l, :o::r’,
O.l":o ~I ......

*:*o,.I
¯ :**.,i I .......**11t .......................~ ...........o*lfi .................

Jill., ..* .....’ i
.... , ...... ..,I ...... ...’. ........... ,,,,.o’",,.. ,:""o 11

’idOl "idol .,’1o,. "id. :";1’" :::.J ",::::.I, *:l*" ’..l;:l .....~o O:~t;:o il..I... :.::::1
,o ..... O:*°*:l ’     I::1,,,

’ i:lti:o
I,l":o
I::l::O

!:ll
I,,I
i;’,i
i,,l
il,i

,l:;

IP12 005638



I

I
I
I
I
I

I
I
I
I

I
I

IP12 005639



I
I
I

#r-ir,-, ._’3-, . 0~ 1 r’IL4       . 88F’F
1 :=.--._I,3. M,--:B,~ ~ : 55 : 4.0

#Drn 3.050MN      .88PF
19-J&n-89 10:05:40

#Dm 3.864MN     .88PF
l£--J~n--89 10:I~:40

Status
19--._I~n--8~ 10:20:39

Av9 6.701 KU

T 3.492 MUA

T 3.861 MW

T .88 PF

A 295.7 A
B 298.7 A

3.858MW     .88PF
.19-J&n-89 10:25:40

#Dm 3.062MN      .88PF
19-J&n--89 10:35:40

#Orn 3.050MW .88PF
19-Jen-89 18,45,48

Statu~
19-._lur,-E:~ 18=58:17

Axe9 6.692 Kt)

T 3. 064 MN

T . 88     PF

A 297 . 3 A
B 299 . 2 A

#Dr,) 3.861MN      .88PF
19-J~n-89 18:55,40

#Dr,~ 3.861MN      .88PF
19-.J~n-89 II :05:4~

#Dm 3.073MN      .88PF
19-J&n-89 ii = 15=48

Status

T 3.479 MUA

T 3.85"2 MW

T . 88     PF

A 295.9 A
E: 297.7 A

.88PF
19-.JAn-89 II,25:40

#Dr~ 3.068MW      .88PF
19-.J&n-8£ II :35:48

St~tu-m~
19-JCn-89 11:40~23

Av~ 6.689 KU

T 3.500 MUA

T 3.0?3 MW

T .88      PF

A 2’97.4 a
E: 300.6 A

#Dr,’~ 3 . E~?3MN      . :E::s:pF
19--._l,in--:B’9 11 : 4.5 : 40

IP12 005640



BABCOCK & WILCOX

!CUSTOMER
SUBJECT

"~OL
3o’-I

7~,°

I
JOB NO.

DATE

IP12 005641



ll)s 120-1

BABCOCK & WILCOX

i

I CUSTOMER

SUBJECT

IP12 005642



120-1
BABCOCK & WILCOX

i

i

I

I

!

/,0

¯ .<�1t �I

--Z

-!

I
JOB NO.

IP12 005643



BABCOCK & WILCOX

..2D?-.

JOB NO.

IP12 005644



BABCOCK & WILCOX

;

I

.|

J

ICUSTOMER

SUBJECT

i

!
JOB NO.

IP12 005645



i

i

I

I CUSTOMER
¯ SUBJECT

i

Z

BABCOCK & WILCOX

JOB NO.

IP12 005646



BABCOCK & WILCOX

I

i
(,.

/0

,.....-

c,
/

I

3q

I
JOB NO.

IP12 005647



BABCOCK & WILCOX

CUSTOMER

SUBJECT

/0

/0

JOB NO.

DATE

IP12 005648



i

BABCOCK & WILCOX

li
i

s-

I0

i

!

ICUSTOMER

ISUBJECT

|

0

JOB NO.

IP12 005649



I
I
I
I
I
I

i

i

T

T

T

6. e~88

3.541

3. 18~

.88

KU

MUA

MW

PF

A    300. 3 A
B    ~303 . 3 A

#Dr.-, 3. 884MW      .88PF
1S-._l,lr~-:--:9 13 : .-’,5 : 4E~

301 .
305.

#O~ 3. 109MN      .88PF
19-J&n-89 14:05=40

#O~ 3. II6MW      .88PF
19-.J~-89 14:15:48

#D#~ 3.882MW
19-J&n-8:~

Stntu$

A 298.8
B 381.7

3.SBSMW
19-.J&n-89

#O~ 3.088MW
!9-J~n-8~

Status

Av~ 6.688

T 3.542

T      3.188

T .88

.88PF

M~A

MW

PF

.88PF

.88PF
12:55:48

KU

MUA

MW

PF

388.6 A
383.3 A

3.~’~IMW     .88PF
19-J~n-8~ 13,85,48

#DM 3.875MW     .88PF
19-J~n--89 13:15=48

#D~ 3. 189MW     .88PF
19-J~n-89 13=25=48

Status
19-.Jan-89

i
IP12 005650



iI

i
I

’CUSTOMER

SUBJECT

BABCOCK & WILCOX

JOB NO. f~-- ~k"~

IP12 005651



BABCOCK & WILCOX

SUBJECT

JOB NO. ~)" ~I~.

IP12 005652



CUSTOMER

SUBJECT

BABCOCK & WILCOX

Z

0

I
JOB NO.

IP12 005653



BABCOCK & WILCOX

!

~. -

-4. _

-

1

~.-

,4°
|

1 7

I I~

I
2_

I

/

i
JOB NO.

IP12 005654



BABCOCK & WILCOX

2

i

i

i
l

P~ ,~7 = o

/ o ,o67’ - q"

y~,,o

~,a.Z
5"/,0

i
jOB

IP12 005655



I,~ ~o-~                                BABCOCK & WILCOX

IP12 005656



BABCOCK & WILCOX

(
i

!i

7

II

0

o
o

~ 7, z..-

JOB NO.

BY

O~TE ~’ / I5’ / ~?

IP12 005657



BABCOCK & WILCOX

CUSTOMER

SUBJECT

0

©
fD

JOB NO.

IP12 005658



BABCOCK & WILCOX

i

?

I
CUSTOMER                                                                                                                                                                                                                      JOB NO.

SUBJECT

{)ATE

O,

IP12 005659



I
IP12 005660



I

I
I
I
I
I
I

!
!
!
!
!

::3

O,,O 11
.i::l::

I:::::1

I
IP12 005661



I
I
I
I
I
I
!t
I
I
I
I
i
I

I:’1

IP12 005662



I
I
I
I
i
I

!
!

!
!

IP12 005663



I

I
I

i

i

!f,

I,,I..I,

o;:li;o .....,
oolllio
II it kip, ill

I..I.,I
:::::..
I’""1

I,,I,.I

I::1

I.I

IP12 005664



I
I
I
I
I
I

!
!
!
!
!

t::i,,,

....... Jill! ...........................I ; o::o::o :;;ll~: I ............................lllii ......
I I ’,’l I’""1 "ill"

..... i,,l::i ,,ill,, ’ "ill" I ..... i, :l
I ...... *11 I1’ I’,,1’:1 I ...................................... !llli ........................ Jill! ..................................... I I I I ’1 I 1" I I’ll
I ’l I I" l .11 ....

I, :’,’,III ! Ill", ......," , I .:’,i!, ,,,,...! ..... ilil’"’tll!!!llll!*,..
..... , .I ...... ’ I ."" I...~ ............. I I , ........: .........’"" I .... I ¯

II I           ’                            ’                                                      ... ,,,,,,1 ......, ’: ,. ~: .....:: ,’ ..........

, ,,’, I ............. I :, i’, , :i: I i .....’::r" I ’     I......... ill, I r,, ,’i I I ....... I .... "’,ll ii:’"l :l’,t ........ ’,lllll .......
......... !llil’, I I,l’",i III1",,,,’"’" ,    I i" I I I,l":l III1" ,,,’""’ I i’",~ I I’,:li:’,

. ’.1.’ I .. IIi .......I I I ........ I1.,,’ I ’o I ,’ II:ll:l I"°"~
,, ,,11,, I I ...............; ......................!1 II ...............I .......IIIIi .....................................I I ...... I ..... I
i.i,’, I .......... 1,1,, I                                               I ,!,,, I,,I,.,,,., ........ i. ,, . ......I .lllllllll.,::i:: ,:’! I . . .,::i:’,

’" ...... ,,:...’"’ ’%. I!I !!111 "’"., ""’"::;iL ’,..,::;’
’,:r" I.l":, I ....... II ti’,ii!11    ii I~ .. , I~’:, ........ I .......
," ,,, ......, I I,, ................, ’~::1:: I,""" ..........., ::1:: ....
::! : ill..t ......i ..............,,,., i l,.o- ,,,.1~ i..,..i ...iil~..i .......I ................. I*,,*-,
¯ , !.1     I I ..............J I    I:’l. I .ll.d. r’l .I     I I .............~ I ~ i; i,.ii ........I1’1’~... ......I I,.I-*i .... I ........II1"’.1.. ......I I"1’~’’ ::

I~,i

I,,I

I:::

I..I

IP12 005665



I
i
!
I
I
I

I
I
!
i
i
I,

I

l,,h,,
~:’*,.I

’";:::’:’"1"’"’1 ........ I"""~ .......I. ,:.,..;
::::::::::::::::::::::::::::::::::::::::: ,.,":,
I I

~ ""IIi .............. ........" .........I ........ l I’ ’,I,,    Ij. ..........

I ........I::;;III::I::::i’’’’I’’’’"~: .......

,::r., I I

I I’.’*11! .....................................I

o:,,.:,    .
Ir’,,,, I,,i,,, ,, .....

. o::~::o
0’:’ ....... I .......,:’,’:, I ........ill,..I 1.1":1

I
HI*’"I ......... I::::::::l::;;iit:: ..........

I::*111

,ILL**

I**h,,

,;::I::

,i::

fill

,’,:~
I,,I

:111:::
I..I...

*I:r" 1:’1..I I..i...

""C’""""’"I ........ I’""!i ....... I ’,:r’:
::::::::::::::::::::::::::::::::::::::::1

"’111.............. .......... .........I ......... I I

I ........tll "I I

.:::1:: I I
I..I...

I

’"’"* I t,.I.,,

"~" #     ’ L " I .i’~..,
I ~,i.I

’;::I::

IP12 005666



I

I

19-.J~n-89

690

495

066

.~

2~7 . 1
9 9 . 2

A
A

~9-J~n-89

#O~ 3 188MW
19-J~n--89

#Dm 3 102MN 88PF

#Dm 3 105MW
19-.J~n-89

#O~ 3 098ML4
19-JCn-89

_. ,~
19-J,in-89

#O~ 3 I07MW
19-J&n-89

#0~ 3 IOSMW
19-J&n-89

19-J~n-89

88PF
14=55:40

88PF
15:85:40

88PF
15:15:40

88PF
15:25,40

88PF
15:35:48

88PF
15=45:48

88PF
15:55:48

19-J&n-89 16:82:23

Av9 6.689 KU

T 3.547 MUA ’~

T 3.112 MW .~

-- T .88 PF

A 301.2 A
B 384.3 A

I

IP12 005667



BABCOCK & W I LCOX

ILl. "...%0

I~,

CUSTOMER

SUBJECT

F

JOB NO.

BY

DATE

IP12 005668



i

i

i

I SUBJECT

Ii

BABCOCK & WILCOX

JOB NO.

BY

DATE

IP12 005669



120-1
BABCOCK & WILCOX

-- I

7_- -

~_’~..

q-

II

JOB NO.

~Y
DATE

IP12 005670



BABCOCK & WILCOX

0.7
0.7

JOB NO.

BY n(~

IP12 005671



BABCOCK & WILCOX

i

i
JOB hO.

IP12 005672



l~OS 120-1
BA ~COCK & WILCOX

CUSTOMER

SUBJECT

.--!

JOB NO.

IP12 005673



!

I

CUSTOMER

SUBJECT

BABCOCK & ~IILCOX

I
I

/_4-o

~o

JOB NO,

IP12 005674



120 -1
BAECOCK & WILCOX

1

D,!70 0

[0

i
JOB NO.

BY / ~

IP12 005675



BABCOCK & WILCOX

I      ~
I    ~(

CUSTOMER

SUBJECT

L

JOB NO.

DATE ~ l t ? l~9’t

IP12 005676



!
I

!

I
I
I
I

I
I

Iooooi

IOooo

I","1

I’""1

I,,I I

I’.,,’,1
,,,,,,,’"::o’

,,,,,,,’":’"
I,.,,.O

IIIIIII

IOlllOl
II II

IIIIIII

,:;:1:: I.,I.I I::1,.,
I:I!i:::

,:I:1:: ::;il:: I,,I,,I
I::1,,. o,,,,,i I,,,,,,

I:::::1 I::1::: i::l,.,

I::1’,1 I ......
r,,’:l i:,.,:1 i:’,,.i i:,,,:1

** iI

i"O I
o °o|

lhoooi,i

I.,,,I

IIIIIIIIIIIIIIIIIIIIIIIl,,.,,i

IP12 005677



I
I
I
i
I
I
I

I
i
I
I
I
I

I

’"II"
l,lhoo

I.I ,I

I
IP12 005678



I
!
I
!
I
i
I
io
I
I
I
I
I
I

O:’*

IP12 005679



I
!
I
I
!
I
I
il
I
I
I
I
I
I

I

O::,:: ’ "
o::o.., o::o.., o::~.., o::o.., o::t...: ~::J... a::o.., o::o...

o:::::o o:::::~ o:::::o o:::::o o:::::o o:::::o ~:::::~ o:::::~ o:::::o
I..I..I I’."’1 I::l::l I::l::l I::1::1 I::l::l IS:iS:l! I::l::l I::1::1

a::::~ o::::~ o:::::a o:::::a ~:::::~! o:::::o o:::::l o:::::o
t::,::t t::|... :;iF.: :’~.~.. :;;i.".: =E :~ :;11.’.: :;11.".:
"~::1:: 1"’4 1""4 1"4 I""1 1"’4 I""1’ I’""1 1’"’4 I’""1

1::15:: :::111’ :::Ills :::ills :::Ills :::ti!" :::ills :::tilt :::li!t

I O’:o o:.o’:t ,:.o’:o :ill:{: :1111:: o:.o’:s, o:.o’:o :;;p..~: :;;i:~.:
I..I..I

......I ......I ......I ......I ......I.......I ......I ......I

t:,o’:o o:,o’:o s:,o’:t s:.,’:s t:,r:o o:,i’:o o:.o’:t
o:::::t o:::::s ,:::::~ o:::::o o:::::s s:::::s t:::::s
IS:l... IS:l... I::1... IS:l... I::O.o. I::1... IS:l... I::1...

IS:It:: I::1::: I::11:: 1::15:: I::11:: I::11:: I::11::
I..I..I I..I..I I..1..I I..I..I I..I..I I..I..I I..I..I I..I..I I::1~::
o::o.., o::o.., o;:o.., o::o.., o::o.., o::t.., o::J.., o::t...

’x::l:: ":::1:: ’:::1:: ":::1:: ":::1:: ’:::iS: ’CI:: ’CI:: s:.o’:o
I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 I:::::1

o.J::o
IS:Is:: I::1~:: 1::15:: I::1::: 1::15:: 1::15:: IS:h::
I’""1 I’""1 I’""1 I’""l I"*"l I’""l I"’"1 I’""l I..t..I
.5::1:: ’CI:: .5::1:: ":::1:: ’CI:: .s::l:: .5::1:: .5::1:: ::::::~

1::15:: I::1::: IS:Ix:: 1::15:: IS:It:: 1::15:: I::1:::
’~::1:: <:1:: .5::1:: .5::1:: <:1:: <:1:: ’CI:: <:1:: I ......
I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 I:::::1 t:::::1

o:::::o o:::::o o:::::o o:::::t o:::::s o:::::o o:::::o s:::::s I..IJ
t:.,.:o t:...:s o:,.,:o ,:,,,:o ,:,..:o o:...:l o:,,.:o o:.,.:o
I..I..I I..I..I I..I..I I..I.I I..I..I I..I..I i..I..I I..I..I
o:.o’:o t:,o’:o o:,o’:o o:,o’:~ s:,o’:o o:.o’:s o:.o’:s s:,|’:s o:.o’:s

:::Ills :::ills :::lilt :::llls :::lll|i:::llls :::llll :::llll I ...... I ...... I ...... I ...... I ...... I ...... I ...... I ...... :::IIi~
:1~1:~: :SillS: :;il~I: :;il~: :;;lI~:::;;l:~: :illS{: :11t~: o:...:o o:...:o o:...:s t:...:o o:...:s s:...:o s:...:o o:...:o
I’".’1 I"...I I’"’.1 I’""1 I’""111.....I I.".’1 I’"’.1 I::1... I::1... I::1... I::1... I::1... I::1... I::1... I::1... I’"’.1

I:’o
:::1

I’.11

:::1
~::~

I
IP12 005680



O~
O0

TE~863

-T~-- 88.:--

FT~7~

Ti~’.:.-’9 i

:~ t-.:-’.:.-- i

SEe SUPHTR OUTLET STE~H T

:.-- -:- :---:"-: :.-    ’.: -: :":~--.~".:i~PNT£ i ....

SEC STAGE SUPHTR E ~TTEHP FLO~
-’_-.U,’--’~ i K H i i :--~-:.-" :.~V-:-=:RT ~ i K :_-;HLY ~

SUF’HTF-: ~TTE.:-qP SF’R~? YT:R SPLY T
::;b ~ CUL--"_~ :--.:,LHE~T INLET i--.’



I

I
I
I
I
I
P
!
I
I
I
I
I

I
I

:.I1::.
I..I..i
I.,,,,~

:;;1~
I..I..I
I.....I

I..I..I :111:::
O::l~:: .~::1::
::::::o I

,,O,,!q::l::
I::i~:: I’""I
I,,~,,I ~:,~’:!
gila... I .......
:11t::1
I..i..I

:Iit::::
o:::::oi

:;;I::: ,:::::o’
I..I..I
I.’"’1
i::1::I ..,
311:::
.t::l:: I..I...’

I’"..I

::::::o
3:1:::

I..I..I
:::,..
I-".1

,i::l::

I..I..I
g::l|::

q:l°’’

...I;:,

o:~l;:o
o:’,o:o
l,o":o

O::l

::3

I..I
.l::

IP12 005682



!
I
I
I
I
I
I

i
i
I
i
i
i

I

,ii’,r,’,

I’",,I

:III:::
I,,I,,I

I:,i’:l

i:’i.,l

’";::L...Iii,,..I ........ I...iit .......I     .,:,..:

.    I    I"ii I! .....................................I,i::l:: I .......................... I,,I,,,

I:,..:i i.o....
I I,,I,,.

’ I::1::1 I
l.l":l ’1 ..... I " .....
i:’,’:, ’ ........!11""I .,.....i ......

i .................. illl,.,i ......... I::::::::l::l;lt!:: .............

I.,I...

I::l,:: I’"":"ill’"’l ........ I""!!i .......I . I.l":,

...... ’ ’ "::"III::I ...............................

i:ll
I,,I

i.l
i:,,I

:ill

.i::

I:’i.I

I
IP12 005683



,l
I
I
I
I
I
I
I
I
I
I
I
I
I
!
I
I
I
I

APPENDIX H
Howden Sirocco Performance Test
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NIBY: XER,0X Telecopier 7017; 8- 5-92 ; 15:57 ; 6173610493~ 180186449?0;# 1

.HOWDEN SIROCCO

O~ W~l~hou~ PI~, ~ffe ~

~ Hy~ P8~ MA 021~
Tele~e (6~ ~ ~1-37~
Fa~ (617) ~1~93

A Howden Group Company

I
I August 5, 1992

To ! IntermountainPower Service Corp.

Mr. JonChristensen

I
Fro=:        Mr. Cecil Ireland

F~X ME S SAGE

I Subject: I.P.Po - PA Fan perfo~nance

Please find herewith revised cu~es for the PA f~ns at Inter~ountain Power~

I Delta, Utah. We apoloaize for our poor response in Kettin~ these cttr~es out

to you.

I We have redrawn the curve~, meldn~ sepezate ones for hi6h and low speed.

The output of the ~op (90O) cur~e has been reduced ~li~h~l~7 in line
other test data. The Tens closure cu~es have been ,lmnched’ towards ~he

recorded durin6 the Cases. The power curves have Dean ~econs~r~_~v
efficienciee observed on other tests and also to 8iTs ~le as -

I efficienctes at Inte~no~ntaino Finally, we hate labelled ~he curves
de6reee fro~ closed, which is in line with ~our nomenclature, These now
in effect, ~usto~i~-ed e~es for ~he Insermoml¢&in project,

I accommodated.

I
I

.Zo ¯
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We have indicated the nominallimit of3,200 HP on ~he 8raphend i~-me~be
seen tha~ any polnton ~he curve is well wltldn this power, wlthou~hawln~ ~o
use an~ of the service factor.

The tests showed the operatin6 syste~ to he to the riEht of ~he original
specified system and we have shown th!s opera~in~ system as a dotted l~neo It
is assumed, for purposes of discussion here, that ht~her fan loadin~s would
lie on ~h~s line. ~ain we have ahow~ lines for the power l~mitatiozlSo It
ma~ be see~ that a du~ of 375~000 Cl~ at 56.5 ins° SP can be reached at 5~000
BHP and a duty of 413~000 CFM at 69 ins, SP can be reached a~ 5~750 B~P.

We also include, for reference, the test results summary sheet originally
faxed to you 12/10/91.

We hope the forego~n~ will allow ~Ou to proceed with your evaluation. If you
have further questions re~ardin6 specific duties or conditions, or relative
efficiencies, please let us know.

I Cecil Ireland

CI/sr~-1368E

L. Krieser

i
I
I

Enclosures!

(~o~al pa~es faxed~ .~

I
I
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June 28~ 1991

INT~P~OUNTAIN POWER PROJECT

UPDATE ON ANALYSIS ~ ~ OF ~. ~ANS

Attentio~: ~ Chrtstensen

As promised we are sending you this update on our analysis of the P.A. fan
performance.

We have calculated the results of the June 22 tests and they basically confirm
the earlier figures from your tests. Because only one fan is feedin8 the ~tutt
the system line is further to the right on the fan curve, as would be expected.

If we accept the powers measured by you, then the efficiency of the fans ls
stanificantly lower than it should be - especially at the higher speed. We do
not see any one reason why this should be; such things as rotation and vane
direction have been checked, also a few leading dimensions on wheel and
housing have been checked.

We are, therefore, looking at a number of other aspects as follows:

We will cheek to see whether Westin~houss
was fair and accurate in the fan selection.

Curv~ Accuracy: Further study of the recently drawn curve
wlth vane settir~gs shows that some re~ions
of this are not accurate. The efficiency
between the 30° and 45° se~tings calculates
to be almost as good as the top curve and we
know this is not right.

~_~OutDut/Vane Position: The tests show the fan output to be higher
than it should be for the vane angle at
which it was supposed to be set. From the
vane strokin~ which our serviceman did we
should know the vane an~le within ± 3°,

We are looking closely at the air velocities
through the fa~ compared to those in the
dozens of other units which are working
sa~isfaccorily in the field.

Unfortunately, there is no margin on motor power on these units. Test block
BHP at low speed is 2,217 while motor nameplate HP is 2~100. At high speed it
is 3,989 ~HP with a 4,000 HP ~otor. The fact that the system line moves to
the right can add 3~ or 4~ to power.

I
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One of the reasons why the high epeed per£ormance is so poor is because the
vanes have to be closed down so much (to keep the amps down) and the
efficiency at this condition is very low. As an e~ample~ if the vanes could
be opened a further 10" the efficiency would improve by 20~ to

There are vane tabs on these vanes, to prevent vibration which sometimes
occurs at mid vane settinEs. These probably reduce efficiency by a couple o£
points so removln~ these would not make much contribution. Another way of
achieving more o~en vanes is to de~tlp the wheel. However, with these
aerofoll blades only very 1~m~red de-tlpping could be done.

We will continue to study the ~igures and other data to establish how much
shortfall in efficiency is present and the llkely causes for it. We will try
to have more specific conclusions in about I0 days.

W. I.~reland
Senior Development Engineer

WCI/srm-0824E

I
I
I
I
I
I
I
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No.617~611725
6173611725

istinghouse Plaza "
" D~PT:

eI ~.MA 02136                           ~ TEL: 617)

1,91 16:11 No.012 P.01

EnginccrlnZ

361-3700 EXT-239 FAX: (617) 3&i-0493
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A Howden Group Company

July 24, 1991

Intermountain Power Servi~e Corporation
Route I Box 864
Delta~ Utah 84624

Attention:    Mr. Jon Chrlstensen

IoP.P. - P.A. Fan Performance

Dear Jon:

Further to our update of June 28, 1991, we give below the findings from our
analysis of the problem~ assocated with one - fan operation at the
Intermountaln plant and we discuss the options available to overcome these
problems.

There are three main factors causin8 the problem.

Firstly, as already stated, the tests have shown the fan efficiency to be
lower than expected, especially at the high speed operatln~ point. We now
know that this has happened, because some of the lower load regions of the
basic selection data were incorrect.

Secondly, there is no margin on motor power. The quoted test block BHP at 897
RPN is 2217 while the motor is rated at 2000 HP and the 5g service factor
raises this to only 2100 liP. At the high speed duty the quoted BHP is 3989
with a motor rating of 4000.°

The combination of lower efficiency and motor power limitation creates a
’Catch 22’ situation. The vane setting has to be reduced to keep the amps
down and this reduces fan efficiency still further. The present fans are
capable of developing much more output at both speeds and of doing it more
efficiently, if only the vanes could be opened further.

Another factor which is adding to the problem is that the actual operating
systems for one and two - fan operation are to the right hand side o£ the
original specified systems. Depending on the actual volume-pressure required,
this can add from zero to 4g to power at low speed and zero to about 6g at
high speed, It seems that the possibility of a variance in operating system,
particularly under one - fan operation~ was not taken into account when sizing
the motors.

I American 8tOWeP= Gyrol Flui~ O~ives~ Siroccoe Sturlevantt

IP12 005698
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Pgge Two
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There appears to be only two options available to overcome the problem.
1. Replacing. the present wheels and inlets.

We have trled a considerable number of wheel selections and find that
none of these will develop the original MCR duty of 252000 CFM at 47
ins WG and dO it within the present motor 11mit of 2100 BHP.

This prompted us to look at other possibilities. Our first idea was
that~ in the light of operetta8 e~rperience, the opportunity should be
taken to re-specify the load points. We have, therefore, chosen
revised load points as follows. These points take into account the
fact that the systems are luther to the right and also we have
reduced the pressures to keep within motor powers. Your earlier
tests indicate that 100~ HCR operation required about 37 ins. WG (at
graph conditions). We have marked these new points on the test
results graph for comparison.

275,000 CFM @41 Ins. SP.
High Speed: 350,000 CFM @56 Ins.

However, even this course has problems. We can certainly select 2 or
3 different wheels which will achieve these duties within the present
motor power. Unfortunately, for the wheel sizes requlred~ the
present housln~ is not sufficiently close to what ~t should be~ which
creates doubt as to whether this arransement would perform
satisfactorily.

This leaves us with one other su~gestion, which is to select the fans
for the high speed duty and to run at high speed for both modes.
This means we could cope with a hi&h speed duty of 350000 CFN at 57
to 58 ins. WC and stay well within the 4000 poWer limit. The MCR
operation would be achieved by closing the Vanes. There would no
longer be a power or output limitation at MCR and our selections show
that the e~ciency at this vane setting would be about the same as
is presently achieved at this load. The wheel diameter would be much
the same as at present and thus the housingwt11 be close to what is
required.

2) Replace the motors.

The other option for solvin~ the problem is obviously to modify or
replace the motors. This option would be more expensive and a longer
lead time would be associated with it.

IP12 005699
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Mr. Jon Chrlstensen
Page Three
July 24~ 1991

We hope the foregoing will be helpful in deciding the most viable course of
action and we await your coments with regard to the new duty poIRts. If the
high speed oprlon as discussed above is acceptable, we would be able ro fine
tune the selection and work up budset prices and delivery information wlrhln 5
or 6 days.

Sincerely,

W. C. Ireland
Senior Development Engineer

WCI/srm-O840E

Mr. L. W. Krleger
Mr. R. E Mahoney
Mr. J. P. Srivastava
Mr. R. Go Eddy

Aurora,

I
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I
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Initial setup

Fan Performance Tes~
June ~, 1991,

Maintenance will build scaffolding on both sides of the inlets for
access to the test taps on the Unit 1 PA fans. A relay technician
will connect monitoring’ equipment to the 6900 volt cubicles to
record voltage, current and power during each test. This work
should be completed by June 14, 1991.

Test requirements

Each test is expected to take two to two and one half hours.
Boiler load should be steady before starting the test and
throughout each test. (Unit load may need to be varied between
300 MWg and 400MWg during periods when fans are switched).
Amperage limits on the motors are not to exceed specified values
(Low Speed 200 amperes, High speed 302 amperes). It may be
necessary to isolate the primary air heater for the fan not under
test to meet minimum !oading requirements.

Test Sequence

Test 1 (ISGB-FAN-2A Low Speed)

Verify both fans are operating in auto at low speed. Switch Fan 2B
to manual and slowly close inlet vanes on Fan 2B. With Fan 2A
still in auto, Fan 2A Will increase in load until the amperage
limits are reached. At this point we will record motor amperage,
inlet vane position, power, wet and dry bulb temperature, rpm,
unit load, and duct pressure. Thereafter, fan flow will be
manually rebalanced between fans and both fans will be returned to
auto control.

Test 2 (ISGB-FAN-2A High Speed)

Switch Fan 2A to high speed in auto control. Switch Fan 2B to
manual control. Slowly close inlet vanes on Fan 2B until the vanes
are fully closed or until the amperage limit on Fan 2A is reached.
At this point we will record motor amperage, inlet vane position,
power, wet and dry bulb temperature, rpm, unit load, and duct
pressure. Thereafter, fan flow will be manually rebalanced
between fans, Fan 2A will be returned to low speed and both fans
will be returned to auto control.

Test 3 (ISGB-FAN-2B Low Speed)

Verify both fans are operating in auto at low speed. Switch Fan
to manual and slowly close inlet vanes on Fan 2A. With Fan 2B
still in auto, Fan 2B will increase in load until the amperage
limits are reached. At this point we will record motor amperage,

2A

I
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inlet vane position, power, wet and dry bulb temperature, rpm,
unit load, and duct pressure. Thereafter, fan flow will be
manually rebalanced between fans and both fans will be returned to
auto control.

Test 4 (ISGB-FAN-2B High Speed)

Switch Fan 2B to high speed in auto control. Switch Fan 2A to
manual control. Slowly’ close inlet vanes on Fan 2A until the vanes
are fully closed or the. amperage limit on Fan 2B is reached. At
this point we will record motor amperage, inlet vane position,
power, wet and dry bulb temperature, rpm, unit load, and pressure.
Thereafter, fan flow will be manually rebalanced between fans, Fan
2B will be returned to low speed and both fans will be returned to
auto control.

I
I

I
I
I
I
I
I
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1 . 335 r’luA
1 . 341 MUA
,-. 3._-,._s MUA

455 . 6 KN
1 . 315 MW
I . 771 MW

1 . 255 MUAR
264 l I-’-I KUAR
1 . 519 MUAR

~ . 34 F’F
E: . ’9 :=-: P F
T . 76 PF

P D r,’,

E:
C

E:
l-:

B
C
T

A

C
T

A
8
C
T
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E: 262.5 KUAR
T 1 . 516 MURR

A .34 PF
E: . 93 PF
T .76 PF

P D r,, 1 . ,’-" 69 I’114 4

St.&tu’_=:

A 6 . :=:29 KU
B 6.81 R K U

A 195 . 6 A
B 1 ’35. 9. A

A 1 . 336 MUA
E: I . 335 MUA
T 2 . ~" ’-’ rll ij¯ ~ ~ ,:, A
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BLACK & VEATCH
8400 Ward Rarkwa¥, RO. ’Box No. 8405, Kansas City, Missouri 64114, (913) 339-2000
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Intermountain Power Project
Intermountain Generating Station

B&V Project 15119
B&V File 806
June 2, 1992

Intermountain Power Service Corporation
1550 West Brush Wellman Road
Delta, UT 84624

Subject: Primary Air Fan Analysis

Attention: Mr. G. K. Hintze

Gentlemen:

This documents and summarizes discussions to date regarding our review
of the Westinghouse Primary Air Fan Motor report dated February 26, 1992
which was transmitted by IPSC facsimile dated March 3, 1992.

The revised foundation loading included in Westinghouse’s report for
motor operation at 5000/3200 HP conditions does not exceed the existing
foundation and anchor bolt design. The existing foundation is adequate
for the indicated motor rerating.

We have reviewed the switchgear and electrical conductors based on
switchgear data we have in-house and IPSC’s confirmation that electrical
conductors are 500 KCMIL 15 KV Type A. These components are capable of
operation at the motor rerating of 5000/3200 HP. The ESCO transfer
switch has a maximum listed capability of 400 amps, which is less than
that required for rerated motor operation. However, IPSC has obtained
confirmation from the manufacturer that the noted transfer switch is
capable of operation continuously at 440 amps (attached facsimile). On
this basis, the electrical components supplying the power to the Primary
Air Fan motors are capable of continuous operation at the motor rerating
of 5000/3200 HP.

We have attached copies of revised relay setting sheets 13 and 32 dated
May 5, 1992 documenting the revised relay settings to reflect the motor
rerating. The revised relay setting data sheets include marked up data
to reflect continuous operation of the transfer switch at 440 amps.

If you have any questions regarding this information, please contact
Steve Rus at (913) 339-2042.

IP12 005750



I
I
I Intermountain Power Service Corporation

Mr. G. K. Hintze

Very truly yours,

BLACK & VEATCH

Paul F. Bannister

I           SER:skb
Enclosure

cc: Mr. J. Nelson w/enclosure
Mr. J. Chistensen w/enclosure
Mr. B. E. Blowey w/enclosure

Page 2

B&V Project 15119
June 2, 1992
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8LACK & VEATCH
CONSULTING ENGIM£ER8

CITY, HI$SOURI

9255PROJ. M0.

SUNI~RY OF

RELAY SETTINGS FOR
Intermountain Power Project

IGS Unit I

6,900-Volt Unit Switcbgear IA2

SHEET NO._ 13

MAOE BY DJS
DEU¢~0. BY

OXTE 06/12/87
Revised 5-5-92
By w~u

BREAKER
REFERENCE

NUMBER

7

DESCRIPTION

Device 50-1, ISGB-FAN-ZA (Low Speed)
Phase Overcurrent Relay, Insnanrmneous
ITE SOD 238T3545
CT Ratio : 500/5
0.8-8 ampere pickup
1-30 second delay
Reference: IB 18.2.7-5E

Device 50/51-1, 1SGB-FAN-ZA (Low Speed)
Phase Overcurrent Relay, Long Ti~e Inverse
ITE 51I/~ 223T8541
CT Ratio: 50015
2.5-5 ampere pickup (time)
2-20 times tap pickup (instantaneous)
Reference: IB 7.2.1.7-I Issue A

Device 50-2, ISGB-FAN-IA (High Speed)
Phase Overcurrent Relay, Insrmn~aneous
ITE 5GD 238T3545
CT Ratio: 50015
0.8-8 a~pere pickup,

-1-30 second delay
¯ Reference: IB 18.2.7-5E

Device 50/51-2, ISGB-FAN-IA (High Speed)
Phase Overcu~rent Relay, Long Time Inverse
ITE 51IH 223T8541
CT Ratio: 50015
2.5-5 ampere pickup (time)
2-20 times rap pickup (instantaneous)
Reference: IB 7.2.1.7-1 Issue A

Device 50G, ISGB-FAN-2A Ground
Overcurrent Relay, Instantaneous
ITE G~S 202D61411J’L
5-50 ampere pickup
Reference: IB 18.1.7-2 Issue H

REL.~Y SETTING

I NOIJCTI ON

TAP TIME

20 sec

5"-0 amp 7

5.0 amp 8

30 sec:

2 cycles

INST.

,,4.1. x ra~
328 amp
,primary

4.8 x ta

~x ratll

amp
urimary

8 x tap

Ls.o amp

IP12 005753
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BLACK & V£ATCH
CONSULTING ENGINEERS
KANSAS CITX, HIS$QURI

SUNNkRY OF

RELAY SETTINGS FOR
Iatermountai~ Power Project

PROJ. NO.
9255 [GS U~t 1

6,900-Voic Un~ Sw~cbgear 1B2,"

B REAI(E R
REFERENCE

NUMBER

7

0E$CR I PTION

Device 87M, 1SGB-fIFAN-1B Phase C~rr~-t
Diffez~J,r.tal Relay, ~~~
~ 50H 23~5~5
~ ~tio: 50/5
0.8-8 ~e~ p~c~
~£er~ce: ~ 18.2.7-5K

Device 50-1, ISGB-FAN-2B (Low Speed)
Phase Overcurrent Relay, IJ,srmn~aneous
ITE 50D 238T3545
CT Ratio: 500/5
0.8-8 ampere pickup
1-30 second delay
Reference: IB 18.2.7-5E

Device 50/51-I., ISGB-FAN-2B (Low Speed)
Phase Overcurrent Relay, Lone Time Inverse
ITE 51I~ 223T8541
CT Ra-~io: 50015
2.5-5 ampere pickup (time)
2-20 times tap pickup (instantaneous)

~.Re£erence: IB 7.2.1.7-1 Issue A

Device 50-2, 1SGB-FAN-2B (Hi.Eh Speed)
Phase OvercurrentRelay,
IT£50D 238T3545
CTRa~io: 500/5
0.8-8 ampere pickup
1-30 second delay
Reference: IB 18.2.7-5E

Device 50151-2, ISGB-FAN-2B (HiEh Speed)
Phase Overcurrent Relay, Long Time Inverse
ITE 511M 223T8541
CT Ratio: 500/5
2.5-5 ampere pickup (time)
2-20 times tap pickup (instantaneous)
Reference: IB 7.2.1.7-I Issue A

SHEET NO. 32

CliO. BY
OATE. 06/I2/87

Revised 5-5-92
By. WKC

REI.E¥ SETTING

TAP

5.0 amp

TIME"
OIAL

20 sec

30 sec,’"

8

2 x rat~

4.1X ral
328 amp
primary

4.8 x ta’

5.0 amp

rat±

primary

8x r.~p

IP12 005754


